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Introduction 
Coal producing counties in the state of Ohio represent a chronically 
depressed region with a lagged rate of growth. Concern for the economic deve-
lopment and growth of such a depressed region demands a great deal of infor-
mation on the structural interdependence of the regional economy. The 
input-output (I-0) analytical system serves as an extensive response to this 
need [Richardson, 1978]. 
The major concern of this paper is to present the results of an I-0 ana-
lysis for the region of major coal producing counties in Ohio. The model 
developed is an open, single-region, static, non-survey I-0 model. This 
regional I-0 model consists of 25 endogenous processing sectors, 2 exogenous 
final demand sectors and 2 exogenous primary input sectors. The analysis 
focuses especially on the coal mining sector and related environmental regula-
tions such as sulfur emission control and reclamation requirements. 
The region studied is composed of fifteen major coal producing counties 
in Ohio: Belmont, Carroll, Columbiana, Coshocton, Guernsey, Harrison, Holmes, 
Jefferson, Monroe, Morgan, Muskingum, Noble, Perry, Stark and Tuscarawas. 
This study region comprises the eastern portion of the state of Ohio (Figure 
1). The region is typical of the central and northern Appalachian coalfields. 
The fifteen county region represents the core of the coal mining industry 
of Ohio, where surface mining is the dominant method of extracting coal. As 
can be seen in Table 1, the fifteen county region produced 33 million tons of 
coal in 1978, accounting for about 82 percent of the Ohio total. 
Approximately 72 percent was surface mined in the fifteen county region. This 
surface coal production accounts for more than 82 percent of surface mined 
coal in Ohio in 1978. 
Figure 1: 
2 
County % of State Total 
(% Surface Mined) 
The Study Region 
Table 1: 1978 Ohio Coal Production by County and Methods of Mining 
(In 1,000 short tons) 
Underground Surf¥,e 
1,000 ,000 
Mines Short % of Mines Short % of 
County Total Reportinc;z Tons Total Reportinc;z Tons Total 
Ohio 40,094 31 11,389 28.4 440 28,705 71.6 
Study Region 32,833 23 9,172 27.9 329 23,651 72.1 
(% of Ohio Total) (81.9) (74.2) (80.5) (74.8) (82.4) 
Belmont 9,235 6 3,891 42.1 90 5,344 57.9 
Carroll 280 16 280 100.0 
Columbiana 1,027 3 23 2.2 29 1,004 97.8 
Coshocton 1,654 1 199 12.0 21 1,455 88.0 
Guernsey 707 14 707 100.0 w 
Harrison 5,137 8 2,282 44.4 23 2, 855 55.6 
Holmes 710 7 710 100.0 
Jefferson 2,656 1 2 .1 39 2, 654 99.9 
Monroe 1,253 2 1,253 100.0 
Morgan 191 l 191 100.0 
Muskingum 4,740 23 4,740 100.0 
Noble 129 5 129 100.0 
Perry 2,303 l 1,522 66.1 10 781 33.9 
Stark 705 15 705 100.0 
Tuscarawas 2,106 1 36 2,106 100.0 
Rest of Ohio 7' 261 8 2,217 30.5 111 5,054 69.5 
Source: ODIR, 1979. 
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The two major economic characteristics of the fifteen county region are 
low income and high unemployment. Recently, the per capita income in the 
region has been about 20 percent less than per capita income in the state 
[USDCa, 1981; USDCb, 1981]. The average unemployment rate for the region in 
May, 1983 was 16.6 percent, compared to 12.9 percent for the state [OBESa, 
1983]. 
The production and use of coal creates social costs such as costs of 
sulfur emission, degraded quality of water and aesthetics, and disrupted land 
[Brown and Burrows, 1977; BUSML, 1974]. Recent federal and state environmen-
tal legislation mandates the reduction of these social costs, and the 
resulting environmental regulations affect the production (supply) of and use 
(demand) for coal. Two environmental regulations affecting the supply of and 
demand for coal mined in the fifteen county region are the Clean Air Act of 
1972 (42 u.s.c. 7425a) and the Surface Mine Control and Reclamation Act of 
1977 (PL 95-87). 
Coal is the single most important natural resource in the fifteen county 
region. The region's economy is vulnerable to any changes in the coal mining 
industry. Alternative development strategies based on industries other than 
the coal mining industry are needed for this region in order to deal with 
regional growth and development in the event of a stagnating coal economy. 
Similarly, development strategies are needed in the event of coal industry 
growth due to expanding demand for coal. A regional I-0 analytical system 
facilitates the evaluation of various alternative development strategies. 
Estimation of economic impacts of sulfur and reclamation regulations is an 
important part of this evaluation. 
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The general objective of this research is to evaluate alternative deve-
lopment strategies for the fifteen county region. One specific objective is 
to explore the role of the coal mining industry in the region's economy by 
identifying the interrelations among the coal mining sectors and other econo-
mic sectors. A second objective is to estimate the impact of sulfur and 
reclamation regulations on the regional economy by analyzing the impacts of 
hypothetical changes in coal production due to these environmental 
regulations~/ 
As a conceptual background of the methodology used. the second section 
presents an overview of the I-0 analytical system and its empirical implemen-
tation. In the third section, the primary results of the research are pre-
sented with their economic meanings. The use of the results to examine the 
regional impacts of the coal industry is then presented. Finally, the summary 
of findings, conclusions and policy implications are presented in the last 
section. 
The Input-Output Model 
1-0 analysis is a method of arranging economic information at the sec-
toral level on the basis of the linkage between the microeconomics of the firm 
and the macroeconomics of the economy. All r-o models consist of three parts: 
an interindustry flow table, a technical coefficients matrix and an inter-
dependence coefficients matrix.!/ The flow table is the base of an I-0 model, 
from which the technical and interdependence coefficients are derived. A 
mathematical specification of the I-0 model is found in Appendix A. 
The flow table describes the demand and supply relationships of an eco-
nomy in equilibrium by showing final demand for goods and services and the 
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interindustry transactions required to satisfy this demand. In the flow 
table, the entire economy under consideration is divided into sectors 
comprised of processing sectors, final demand sectors and primary input sec-
tors. The processing sectors as either producing or purchasing sectors are 
endogenous, and the final demand and primary input sectors are exogenous. 
Each sector consists of a set of relatively homogenous industries aggre-
gated according to a predetermined classification. Each of these sectors pro-
duces a certain amount of output. This output may be used within the sector, 
sold to the other sectors as inputs, or flow to final demand sectors. 
According to Tiebout (1962), industries are defined as aggregates of firms 
providing similar products while sectors refer to the kinds of market that 
industries serve. In this study, like in many other empirical studies, 
"sector" and "industry" are used interchangeably, however. 
The flow table has each sector listed across the top of the table and 
also down the side. Each row represents the sales of a sector to other pro-
cessing sectors and final demand sectors (e.g., households). Each column 
represents purchases of a sector from other processing sectors and primary 
input sectors (e.g., labor). 
The technical coefficients table contains the fixed coefficient produc-
tion functions of the endogenous sectors in the region. The technical coef-
ficients table has each sector listed across the top of the table and also 
down the side of the table. Each column represents the inputs used in a sec-
tor. Down each column are listed the technical coefficients of that sector. 
These technical coefficients are the direct purchases or inputs from each sec-
tor which are used to produce one unit of output. 
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Changes in final demand have indirect effects in addition to direct 
effects on the sectoral outputs through successive rounds of transactions 
based on the interrelation of the endogenous sectors. The technical coef-
ficients table shows only the direct effect. The interdependence coefficients 
table has each sector listed across the top of the table and also down the 
side. Each column contains the total effect of a one dollar change in a 
sector's final demand on each sector in the economy. This total effect is 
called the interdependence coefficient. The interdependence coefficient 
measures the sum of the final demand change and direct and indirect changes in 
the requirements of intermediate inputs. 
Impact Coefficients (Multipliers) 
Since the input-output model was first pioneered by Leontief (1936), a 
number of methodological improvements have been made. The concept of impact 
coefficients is one of the important outcomes of these improvements.l/ Impact 
coefficients or multipliers are quantitative measures of the effect that a 
change in the final demand for goods and services of a particular sector have 
on output, employment and income of the whole economy. The output multiplier 
measures the amount of output generated by a one dollar change in final demand 
for the output of a particular sector. The employment multiplier is the ratio 
of the total employment effect (direct plus indirect effect) to the direct 
employment effect in response to a change in final demand for a particular 
sector. The income multiplier is the ratio of the total income effect (direct 
plus indirect) to the direct income effect for a particular sector in response 
to a change in final demand. 
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Analytical Merit of I-0 System 
Despite a number of analytical deficiencies and the high costs of data 
gathering and processing, I-0 models have been useful for practical general 
equilibrium analysis, specifically for measuring and analyzing interindustry 
flows and for determining the impact of changes on the structure of a par-
ticular economy. The unique advantage of the I-0 analytical system is that it 
facilitates impact analysis at the sectoral level by providing quantitative 
measures of the interindustry linkages and various kinds of sectoral impact 
coefficients (multipliers). This disaggregation advantage of the 1-0 model 
enables examination of the impact of a particular sector of interest on the 
rest of the economy. Since the major concern of the present study is the 
impact of changes in the coal mining sector on the regional economy, 1-0 ana-
lysis as a disaggregated analytical system appears to be preferable over other 
commonly used techniques in growth studies~ 
Another preferable feature of 1-0 analysis over other techniques is that 
its empirical implementation is relatively more free from data restrictions as 
far as the present research is concerned. Economic and social data at the 
regional level are generally very poor in detail and statistical reliability, 
and rarely published [Palmer, et al., 1978; Morrison,~ al., 1974]. Regional 
economic base and econometric models strictly require an extensive set of 
regional data, while regional 1-0 analysis can be implemented using only 
regional sectoral employment data and the national 1-0 model. The adaptation 
of the national 1-0 model is also consistent with reducing the high cost of 
data gathering and processing in the estimation of the regional 1-0 model. 
The most fundamental assumption behind 1-Q models is a set of constant 
fixed coefficient production functions. This assumption makes 1-0 models 
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simpler, but somewhat unrealistic in the sense that the linearity assumption 
in reality is violated by changes in product prices, input substitutions and 
technological changes. A linear production function is a first approximation 
of a nonlinear production function and the question of Whether or not the 
errors caused by first approximation are small enough to be ignored is a 
matter of empirical resolution. Chenery and Clark (1959) concluded on the 
basis of their empirical work that the assumption of linear production func-
tion is not unreasonable in the real world (see also Miernyk (1965) and 
Richardson (1972)). 
The rate of technological change is slow enough for the I-0 coefficients 
of one year to be assumed to hold in the years before and after [Miernyk, 
1976; Vaccara, 1968]. Thus, even an out-of-date table of I-0 coefficients 
will show something of value, i.e., the maximum input requirement [Richardson, 
1972]. While this study assumes that linear functions are valid, the 
computer/high technology revolution in production will reduce the stability of 
these functions. 
A concluding remark is made on the distinction between "closed" and 
"open" I-0 models. If all economic sectors in an I-0 system are considered as 
being both producers and consumers, the system is represented by a closed 
model. In such a model, households constitute an economic sector Whose output 
is labor and whose inputs are consumption goods and services. It has been 
demonstrated that closed models have great analytical merit [Yan, 1968; Gale, 
1956],1/ but they do not lend themselves readily to algebraic manipulation 
since they are completely circular with no exogenous variables [O'Connor, and 
Henry, 1975; Yan, 1968].i/ In the I-0 system represented by open models, 
final demand is assumed to be related to other sectors but is autonomously 
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determined by factors outside the system. Labor is considered as an input but 
not a functionally related product of households. The object of economic 
activities is satisfaction of final demand. One or more sectors' final 
demands can be changed, and the economic impacts of those changes can be esti-
mated. 
Empirical Generation of the Regional I-0 Model 
The regional 1-0 model of fifteen major coal producing counties is 
derived from the 1978 u.s. national I-0 model updated from the 1972 model. 
The step-by-step procedures for adaptation of the 1978 u.s. model to the study 
region are presented in Appendix B. 
Subdivision of Coal Mining Sector 
The present study emphasizes the coal mining sector and related environ-
mental regulations such as sulfur emission control and surface mine reclama-
tion requirements. The coal mining sector is divided into two subsectors in 
the regional 1-o model; underground and surface coal mining sectors. The 
column and row divisions of the technical coefficient for the coal mining sec-
tor are needed in this subdivision. 
The column division requires information on input purchases by 
underground and surface coal mining sectors from other industries. An 
empirical study on the reclamation costs of Ohio surface mined land pointed 
out that the majority of coal mining companies in Ohio do not have detailed 
records on their input purchases [Flocken, 1979]. In order to check whether 
reliable information on input purchases at the sectoral level could be 
collected, a mail questionnaire survey along with a telephone interview was 
conducted~ None of the sample companies were found to be able to provide 
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information on the sectoral breakdown of their input purchases. As a reaso-
nable alternative, technical information from an I-0 study done for the State 
of West Virginia is adapted in the column division. 
The area of coal producing counties in Ohio is adjacent to and is similar 
in coal oriented socio-economic conditions to the State of West Virginia. 
Both areas are rich in coal resources, and coal is a single dominant natural 
resource in these two areas. Low per capita income and high unemployment are 
the two common economic problems in both areas [Rothblatt, 1971; Newman, 
1972]. High sulfur content is the common quality problem of coal produced in 
Ohio and West Virginia [LeBlanc, et al., 1978; Schlottmann, 1977]. Like Ohio, 
surface mining is the dominant method of extracting coal in West Virginia and 
the majority of surface mining occurs on slopes greater than 15 degrees 
[Schlottmann, 1977]. For these similarities, it is reasonable to believe that 
the economies of those two areas are alike in the interindustry linkages bet-
ween the coal mining and other industries. 
In their empirical study, Miernyk, ~ al. (1970) constructed an I-0 model 
consisting of 48 endogenous and 6 exogenous sectors of the West Virginia eco-
nomy in 1965.~/ This model includes underground and surface coal mining 
industries as individual endogenous sectors. The relative importance between 
the technical coefficients for these two sectors is used in the present study 
as a criterion for the column division of the coal mining sector. 
Since the outputs of the underground and surface coal mining sectors are 
identical (i.e., coal is coal), the relative importance between the two coal 
mining sectors' outputs, in addition to the technical information from the 
West Virginia model, is also used in the row division. For details of this 
derivation, see Appendix B. 
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Accomplishment of Objectives 
The regional technical coefficients matrix was derived for the 24 endoge-
nous sectors from the reduced national technical coefficients matrix. By sub-
dividing the coal mining sector into underground and surface coal mining 
sectors, this regional matrix contains 25 endogenous sectors. The elements of 
this complete regional technical coefficients matrix multiplied by the 
regional sectoral total inputs are the elements of the regional transactions 
matrix. The regional interdependence coefficients matrix is defined as 
(I - A)-l where A is the 25x25 matrix of the regional technical coefficients 
and I is a 25x25 identity matrix. 
From the regional interdependence coefficients matrix the sectoral 
multipliers with respect to output, employment and income are computed for 
each endogenous sector. Appendix A describes the computation of these 
multipliers. Then, sectors are ranked according to the magnitude of these 
multipliers. 
High unemployment and low per capita income are the two major economic 
problems in the study region. In the present study, sectors with high 
employment and income multipliers are identified as the high impact potential 
sectors in the sense that any positive (negative) changes in these sectors 
will have relatively large positive (negative) influences on employment or 
income throughout the regional economy. 
The role of the coal mining industry is examined by looking at the 
interindustry linkages of the underground and surface coal mining sectors with 
other endogenous sectors, especially the high impact potential sectors. The 
column and row elements of the interdependence coefficients matrix for the 
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coal mining sectors provide details on interindustry linkages between the coal 
mining sectors and other endogenous sectors. 
The final objective is to determine the impact of sulfur and reclamation 
regulations on the regional economy. Schweers and Lillie [1979] predicted 
that the demand for Ohio coal would decline by 3.1 million short tons due to 
the sulfur emission control enforced by the Clean Air Act. This accounts for 
about 7.5 percent of total Ohio coal production in 1978. The effect of this 
change on individual sectors of the regional economy detected by I-0 linkages 
is examined as the impact of sulfur emission control. 
Empirical studies show that the cost of reclaiming surface mined land in 
Ohio is clearly an incremental cost to the surface coal mining industry 
[Flocken, 1979; Ro, ~ al., 1981]. An obvious consequence of this incremental 
cost, other things being equal, is a reduction in coal production. 
Scholttmann (1977) estimated a reduction of 5.6 percent in 1978 coal produc-
tion for Northern Appalachia.!/ Since Ohio coal producing counties are 
included in Northern Appalachia, it follows that the reduction rate of 5.6 
percent is applicable to the present study. The impact of the final demand 
portion of this reduction on individual sectors of the regional economy 
explained through I-0 linkages can be considered as the impact of surface mine 
reclamation. 
The impacts of sulfur emission control and reclamation requirements on 
the regional economy can be explained in terms of changes in the region's out-
put, employment and income due to changes in the final demand for coal. The 
value of an output change in the regional economy(~) resulting from a unit 
change in the coal mining sector's final demand can be estimated by 
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multiplying the sector's change in final demand (~c) by the output multiplier 
for that sector ( -/!); i.e., 
c 
( 1) ~= f t.F 
c c 
Similarly, the value of a regional change in employment ( M) or income ( ~) 
due to a unit change in the coal mining sector's final demand can be estimated 
as 
(2) 
(3) 
!£ (U I X ) "Au 
c c c c 
&. = IF (Y I X ) 'X 
c c c c 
where the subscript c stands for the underground or surface coal mining sec-
tor, and the superscripts u and y designate employment and income multipliers, 
respectively. These equations provide estimates of total effect of changes in 
final demand for coal on the regional economy as a whole. 
The effect of a final demand change in the coal mining sector on indivi-
dual sectors of the region's economy ( ~i) can be estimated as the coal mining 
sector's column elements of the interdependence coefficients matrix (b. ) 
l.C 
multiplied by a final demand change in the coal mining sector (e); i.e., 
c 
The sum of ~i is the same as the total change estimated by equation 1; i.e., 
~ = ~=l ~i. The effect of a final demand change in the coal mining sector 
on individual sectors in terms of employment ( .1Ji) and income ( N1 ) can be 
estimated as 
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where the subscript c stands for the underground or surface coal mining sec-
tor. As in the case of output, the sum of lUi and /Xi is equal to the total 
change estimated by equations 2 ( IU) and 3 ( &) , respectively. 
Sulfur regulations affect the demand for both the underground and surface 
mined coal, while reclamation regulations influence only surface mined coal. 
In order to estimate economic impacts of sulfur regulations, equations 4, 5 
and 6 are applied to both the underground and surface coal mining sectors. 
The same equations are applied to only the surface coal mining sector to esti-
mate economic impacts of reclamation requirements. 
Results of the Regional Input-Output Analysis 
In this section the primary results of the regional I-0 analysis for the 
fifteen coal producing counties in eastern Ohio are presented. The flow 
table, the technical coefficients matrix and the interdependence coefficients 
matrix are presented in Appendix C. An overview of the regional economy 
through the regional flow table (Appendix Table Cl) is presented first. Then, 
the results based on the regional technical (Appendix Table C2) and inter-
dependence coefficients matrices (Appendix Table C3) are presented with econo-
mic meanings and interpretations. 
An Overview of the Regional Economy 
With the sectoral income and employment figures, the regional flow table 
provides insights into the size and structure of the region's economy. The 
flow table shows regional outputs, imports and exports at the sectoral level. 
It also shows sales and purchase distributions of individual endogenous sec-
tors of the regional economy. 
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Output, Employment and Income 
The sectoral output, employment and income figures for the region are 
presented in Table 2. Except for the agricultural sector and for the 
underground and surface coal mining sectors, the regional output for all sec-
tors were computed (Appendix B). The output for the agricultural sector was 
obtained from Ohio Farm Income, OARDC (1979); and the output for the coal 
mining sectors from Ohio Division of Mines Report, ODIR (1979). 
The employment for the agricultural sector was estimated as the sectoral 
output divided by the national output-employment ratio. The employment 
figures for the coal mining sectors were obtained directly from Ohio Division 
of Mines Report, ODIR (1979). The employment figures for the remaining sec-
tors were obtained from Ohio County Business Patterns data on tape, USDC 
(1980). The regional income for all sectors was estimated as the sectoral 
employment multiplied by the sectoral average annual earnings in the region. 
The region is dependent on few sectors in terms of output, employment and 
income (Table 2). The top five output producing sectors in the region are 
primary metals, services, chemicals and plastics, mechanical machinery and 
utilities. In 1978 these five sectors generated an output of $8.6 billion 
accounting for more than one half of the total regional output of $16.4 
billion. The top five sectors in employment are the services, retail trade, 
state and local government, primary metals and mechanical machinery sectors 
accounting for more than one half of the 1978 total regional employment of 331 
thousand man-years. These sectors are also included in the group of the top 
ten sectors in terms of income, and account for more than two-fifths of the 
total regional income of $4.3 billion generated in 1978. 
17 
'fable 2: Sectoral Output, Employment and Income 
for the Region, 1978 
------- ---. ---------
Sectors 
Output.!/ 
($ million) 
Agriculture 
Underground Coa 1 Mining 
Surface Coal Mining 
(Underground & Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
Transportation & 
Warehousing 
Communications 
Utilities 
Who1esa le Trade 
Reta i 1 Trade 
Finance, Insurdnce & 
Real r~state 
Services 
Federal Government 
State & Local Government 
347.7.!/ 
20G.si/ 
490.9il 
(697.4).§/ 
290.7 
94.6 
823.9 
94.1 
370.1 
130.5 
1,061.1 
364.9 
3,010.6 
748.6 
866.7 
444.3 
295.8 
317.5 
120.3 
862.2 
441.4 
526.8 
802.1 
2,770.4 
22.3 
99.6 
Employmentl/ 
(man-yrs) 
8,634~/ 
7,089il 
5,54si/ 
(12,634)i/ 
2,627 
9,973 
5,890 
2,111 
6,866 
4,534 
10,592 
10,995 
30,987 
12,328 
17,477 
8,839 
4,225 
6,719 
3,352 
5,366 
13,062 
40,214 
11, 54 3 
58,385 
3,210 
40,0252/ 
In co mel/ 
($ million) 
70.2 
137.3 
113.1 
(251.0) 
37.2 
170.6 
76.9 
21.0 
89.6 
61.3 
162.6 
158.5 
577.4 
182.1 
268.5 
119.4 
62.2 
108.2 
54.3 
91.5 
181.6 
342.8 
12'5.6 
81.1 
58.5 
447.3 
------ --------------- - ----------- -- ---------------
'l'otal 16,423.6 330,588 
------- - - - - _ _..::;...::...!__::_;:~;..::._--_;;_::...;;_.:...;:...::....::... __ 
Sources: 1/ Computed by Appendix equation B.3 
2; usoc ( 1980) 
3; Computed by Appendix equation B.4 
4/ OARDC ( 1979) 
S/ USDCb (1979) and OARDC (1979) 
6/ ODIR ( 1979) 
Jj OBESa (1979) 
4,299.3 
_l/ For Average Annual Earnings, sec Appendix Table B.2 
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Exports, Imports and Inputs 
The region appears to be a net exporter. In 1978, the region exported 
$4.0 billion of goods and services, while it imported $1.1 billion of goods 
and services from outside the region (Table 3). The region's net exports of 
$2.9 billion account for 17.7 percent of the region's 1978 total production of 
$16.4 billion (Table 2). The remaining 82.3 percent was sold to meet the 
region's total intermediate demand (40.9% or $6.7 billion) and total consump-
tion demand (41.5% or $6.8 billion). 
Twelve out of twenty-five sectors were net exporters in 1978. The volume 
of exports for individual sectors was computed as the difference between esti-
mates of sectoral total output and sectoral total demand. Exports are most 
important to the stone sector. Approximately 72 percent of the stone sector's 
outputs were sold outside the region in 1978 (Table 4). Other sectors that 
sell more than one half of their outputs outside the region are coal mining 
(61.5%), primary metals (57.6%) and fabricated metals (51.3%). 
Like the amount exported, the amount imported is also a net figure. The 
excess of demands above that produced within the study region was considered 
to be imported. Any increase in the final demand for the output of those sec-
tors importing from outside the region would further increase the volume of 
imports, unless the production capacities of those importing sectors are 
further increased within the region. For this reason, importing sectors are 
often considered as bottleneck sectors in the sense that their present produc-
tion capacities are not capable of meeting the existing demand. In Table 3, 
thirteen importing or bottleneck sectors are identified for the region. A 
notable one is the textile sector. In 1978 the textile sector imported about 
$85.7 million of goods and services from outside the region, accounting for 
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Table 3: Sectoral Intermediate Demand, Consumption Demand, 
Exports and Imports for the Region, in $ Million, 197al/ 
Intermediate Final Demand Net 
Sectors Demand Consumption Net Exports Imports 
Agriculture 
Underground Coal Mining 
Surface Coal Mining 
(Underground & Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
Transportation & 
Warehousing 
Communications 
Utilities 
Wholesale Trade 
Retail Trade 
Finance, Insurance & 
Real Estate 
Services 
Federal Government 
State & Local Government 
Reglonal Total 
(% of Total Production) 
301.7 
131.4 
116.2 
(247.7) 
249.9 
231.9 
292.5 
16.7 
270.8 
65.8 
731.2 
81.8 
1,219.4 
292.7 
322.2 
107.4 
86.9 
98.3 
57.8 
479.9 
252.6 
26.6 
312.4 
836.8 
38.5 
6.6 
6,728.6 
(40.9) 
63.2 
9.0 
12.0 
(20.9) 
3.7 
457.8 
590.3 
163.1 
95.1 
66.5 
366.5 
18.9 
56.3 
71.5 
431.8 
207.6 
264.3 
153.4 
83.8 
219.7 
332.0 
669.0 
883.2 
1,280.9 
19.3 
297.6 
6,816.5 
(41.5) 
-------------------- --------
66.1 
362.7 
(428.8) 
37.1 
4.1 
264.1 
1,735.0 
384.4 
102.7 
129.3 
162.6 
652.7 
95.4 
3,996.2 
(24.4) 
17.2 
95.1 
58.9 
85.7 
1.8 
36.6 
55.4 
34.2 
21.3 
143.1 
168.0 
393.5 
5.5 
1' 116.8 
(-6.7) 
!/ This table contains some rounding errors. 
may not be identical to the corresponding 
presented in Table 2. In this summation, 
be substracted. 
So, the sum of each row 
sectoral total output 
the import figures should 
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Table 4: Sectoral Exports and Imports as the 
Percentage of Sectoral Output~ and 
Regional Total Exports and Imports, 1978 
-------------------··---.Exports _________ --rm.Porfs ____ · 
--%-of %of-- --%-·of %-or-· 
Sectoral Regional Sectoral Regional 
Outputs Total Outputs Total 
Sectors Exports!/ Exportsl/ 
Agriculture 
Underground Coal Mining 
Surface Coal Mining 
(underground & Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Proqucts 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Prirnary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
Transportation & 
Warehousing 
Communications 
Utilities 
Wholesale Trade 
Retail Trade 
Finance, Insurance & 
Real Estate 
Services 
Federal Government 
State & Local Government 
-------------
32.0 
73.9 
(61.5) 
13.0 
1.1 
72.4 
57.6 
51.3 
12.0 
29.1 
18.9 
23.6 
23.9 
3.2 
7.6 
(10.7) 
.9 
.1 
6.6 
43.4 
9.6 
2.6 
3.2 
4. 1 
16.3 
2.4 
4.9 
16.0 
7.1 
91.1 
1.4 
3.5 
18.7 
10.8 
17.7 
32.4 
31.9 
41.9 
10. 5 
.:!/ 'I'he column sum may not be equal to 100.0 due to the 
rounding error. 
1.6 
8.5 
5.3 
7.7 
1.6 
3.3 
5.0 
3. l 
1.9 
12.8 
15.1 
35.2 
• 5 
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more than 91 percent of its total output. Implied is that the region does not 
have comparative advantage in textiles. The finance, wholesale trade, and 
retail trade sectors are also ranked high in the percentage of imports to 
their outputs (Table 4). 
Each endogenous sector purchases inputs from intermediate and primary 
input sectors. The percentage of inputs purchased from intermediate input 
sectors for each sector ranges from a high of 55.7 percent for the food sector 
to a low of 18.1 percent for the retail trade and federal government sectors 
(Table 5). An average sector of the regional economy purchases about two-
fifths of its total inputs from other intermediate input sectors. 
Primary inputs consist of labor and capital from the value added sector. 
The value added sector is a residual sector. The retail trade sector purcha-
ses the highest percentage of its total inputs from the value added sector at 
77.7 percent, while the food sector purchases the lowest percentage at 25.6 
percent (Table 5). An average sector purchases slightly more than one-half of 
its total inputs from the value added sector. 
The third column of Table 5 shows input purchases from the import sector 
as the percentage of total input purchases. The underground coal mining sec-
tor purchases the lowest percentage of its total inputs from the import sector 
at 2.9 percent. Imported inputs account for more than one-half of total 
inputs in the case of the textile sector. An individual sector, on the 
average, purchases about one-tenth of its total input from outside the region. 
Output, Employment and Income Multipliers 
The output, employment and income mmltipliers were computed for each 
endogenous sector, and are presented in Table 6. Shown in the first column 
are the output multipliers with their rankings. The output multiplier 
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Table 5: Distribution of Totdl Input Purchdses of 
the Regional Endogenous Sectors, 1978l/ 
--------·--------::----:r--:=---:----· % of Inputs 
Sectors 
Agriculture 
Underground Coal Mining 
Surface Coal Mining 
(Underground & 
Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metdls 
Fabricated t1etals 
Mechanical Machine~y 
Electrical Machinery 
Instruments & Equipment 
Transportation & 
Warehousin':} 
Communications 
Uti 1 ities 
~Jholesale Trade 
Retail Trade 
Finance, Insurance & 
Real Estate 
Services 
Federal Government 
from 
Immediate 
Input 
Sectors 
39.4 
27.6 
25.9 
(26.5) 
23.1 
46.2 
55.7 
22.3 
46.5 
36.7 
46.7 
34.2 
0.2 
52.3 
47.0 
50.2 
54.2 
33.3 
19.2 
47.1 
19.4 
18.1 
State & Local Government 
39.1 
29.7 
18. l 
48.0 
Average 37.3 
% of Inputs 
from 
Value Added 
Sector 
47.9 
69.5 
70.3 
(70.1) 
71.8 
46.1 
25.6 
27. 5 
39.2 
58.5 
40.3 
59.6 
42.1 
42.5 
47.7 
41.9 
34.5 
58.0 
74.6 
49.4 
77.2 
77.7 
48.5 
59.9 
73.0 
41.6 
--------
53.0 
% of Inputs 
from 
Import 
Sector 
13.6 
2.9 
3.8 
( 3. 4) 
5. l 
7.6 
14.7 
50.2 
14. 3 
4.8 
13 .o 
6.2 
7.7 
5.2 
5.2 
7.9 
11.3 
8.6 
6.2 
3.5 
3.5 
4.2 
12. 3 
10. 3 
8.9 
10.4 
-----------
9.7 
-------------------------
ll The sum of each row may not be equal to 100.0 due to the 
rounding error. 
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Table 6: Output, Employment and Income Multipliers for 
the Regional Endogenous Sector~/ 
Sectors 
Agriculture 
Underground Coal Mining 
Surface Coal Mining 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
Transportation & Warehousing 
Communications 
Utilities 
Wholesale Trade 
Retail Trade 
Finance, Insurance & Real Estate 
Services 
Federal Government 
State & Local Government 
Whole Economy 
Output 
Multiplier 
1.68 (12) 
1.48 (18) 
1.39 (19) 
1.38 (20) 
1.79 (10) 
1.97 ( 2) 
1.34 (21) 
1.81 ( 8) 
1.61 (13) 
1.80 ( 9) 
1.56 (15) 
1.86 ( 5) 
1.94 ( 3) 
1.84 ( 6) 
1.89 ( 4) 
1.98 ( 1) 
1.53 (16) 
1.30 (22) 
1. 74 (11) 
1.30 (23) 
1. 29 (25) 
1.61 (14) 
1.50 (17) 
1.29 (24) 
1.83 ( 7) 
1.63 
Employment 
Multiplier 
1.50 (14) 
1.21 (20) 
1.65 (13) 
1.67 (11) 
1.91 ( 6) 
3.54 ( 1) 
1.29 (19) 
1.74 ( 9) 
1.36 (17) 
2.16 ( 4) 
1.30 (18) 
2.18 ( 3) 
1.81 ( 8) 
1.66 (12) 
1. 70 (10) 
2.09 ( 5) 
1.48 (15) 
1. 21 (21) 
1.70 ( 2) 
1.20 (22) 
1.07 (25) 
1.86 ( 7) 
1.41 (16) 
1.09 (24) 
1.14 (23) 
1.68 
Income 
Multiplier 
1.67 (11) 
1.16 (23) 
1.53 (14) 
1.65 (12) 
1. 71 (10) 
2.09 ( 1) 
1.36 (17) 
1.79 ( 8) 
1.35 (18) 
2.08 ( 4) 
1.30 (19) 
2.00 ( 5) 
1.85 ( 7) 
1.64 (13) 
1.75 ( 9) 
2.09 ( 3) 
1.40 (16) 
1.17 (22) 
2.60 ( 2) 
1.18 (21) 
1.10 (24) 
2.00 ( 6) 
1.52 (15) 
1.06 (25) 
1.18 (20) 
1.65 
1/ Figures in the parentheses are the ranks of multipliers. The output, 
employment and income multipliers for the coal mining sector (underground 
and surface together) were estimated to be 1.42, 1.38 and 1.34, 
respectively. 
Table 7. Sectors Most Closely Related to the High Employment and 
Income Multiplier Sectors in Terms of Selling Outputs and 
Purchasing Inputs 
High Multiplier 
Sectors 1 
Construction State & Local Gov't. 
Food & Kindred Prod. Agriculture 
Lumber & Wood Prod. Printing & Publishing 
Chemicals & Plastics Electrical Mach. 
Primary Metals Fabricated Metals 
Fabricated Metals Instruments & Equip. 
Electrical Mach. Mechanical Mach. 
Instruments & Equip. Services 
Utilities State & Local Gov't. 
Finance, Ins. & Real Est. Other Mining 
Construction Fabricated Metals 
Food & Kindred Prod. Agriculture 
Lumber & Wood Prod. Chemicals & Plastics 
Chemicals & Plastics Services 
Primary Metals Other Mining 
Fabricated Metals Primary Metals 
Electrical Mach. Primary Metals 
Instruments & Equip. Primary Metals 
Utilities Coal Mining 
Finance, Ins. & Real Est. Services 
Top Three Related Sectors 
2 
Selling Outputs 
Utilities 
Services 
Construction 
Lumber & Wood Prod. 
Mechanical Mach. 
Construction 
Instruments & Equip. 
Electrical Mach. 
Stone, Clay & Glass 
Retail Trade 
Purchasing Inputs 
Primary Metals 
Chemicals & Plastics 
Primary Metals 
Primary Metals 
Chemicals & Plastics 
Chemicals & Plastics 
Chemicals & Plastics 
Fabricated Metals 
Chemicals & Plastics 
Utilities 
3 
Communications 
Finance, Ins. & Real Est. 
Fod & Kindred Prod. 
State & Local Gov't. 
Electrical Mach. 
Electrical Mach. 
Primary Metals 
Trans. & Warehousing 
Primary Metals 
Services 
Services 
Services 
Services 
Utilities 
Utilities 
Services 
Services 
Chemicals & Plastics 
Other Mining 
Printing & Publishing 
N 
w 
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24 
measures the amount of output directly and indirectly generated within the 
economy by a $1 change in final demand for the output of a particular sector. 
For example, the output multiplier for the instruments and equipment sector is 
the highest at 1.98. This means that a $1 change in final demand for the out-
put of the instruments sector will cause the highest change in total output of 
$1.98 in the regional economy. 
A larger multiplier indicates that there is a relatively greater interac-
tion between the associated sector and other sectors within the regional eco-
nomy. These high output multiplier sectors are also ranked high in the 
percentage of intermediate inputs to total inputs, indicating greater interac-
tion with other sectors (Table 5). 
The relatively low output multipliers of the retail trade, federal 
government, wholesale trade, communication, and textile sectors signify small 
backward linkages of these sectors with other sectors. The primary dampening 
influences on the sectoral output multiplier are the payments made for imports 
of goods and services and other payments for the primary inputs other than 
imported inputs. This is evident from the fact that sectors with relatively 
low output multipliers are ranked high in the percentage of input purchases 
from either the value added sector or the import sector (Table 5). 
The average value of output multipliers for all sectors can be considered 
as an output multiplier for the economy as a whole if it is assumed that final 
demand changes simultaneously in all sectors. A $25.00 change in final demand 
(a $1 change in each sector) would generate a change in output of $40.70 in 
the regional economy. Dividing this total by the amount of the change in 
final demand indicates that every $1 change in final demand generates, on the 
average, an output change of $1.63 in the regional economy. 
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Presented in the second column are sectoral employment multipliers with 
their rankings. The employment multiplier in this study measures the total 
employment change in man-years generated in the regional economy as a result 
of a man-year of employment added to a particular sector. For instance, a one 
man-year change in employment in the food and kindred products sector would 
generate the highest employment of 3.54 man-years in the regional economy. 
Likewise, a one man-year change in employment in the retail trade sector is 
estimated to create only 1.07 man-years of employment. The employment 
multiplier is relatively large in the capital intensive sectors. In addition 
to food and kindred products, such sectors as utilities, primary metals, che-
micals, and instruments have employment multipliers greater than 2.00. The 
employment multiplier for the regional economy as a whole was estimated to be 
1.68. 
Sectoral income multipliers are shown in the third column of Table 6 with 
their rankings. The interpretation of the income multiplier is analogous to 
that for the employment multiplier. The income multiplier is the largest in 
the food and kindred products sector at 3.09 indicating that a $1 increase in 
that sector's income will generate the highest additional income of $3.09 in 
the regional economy. In addition to food and kindred products, such sectors 
as utilities, instruments and equipment, chemicals and plastics, primary 
metals, and finance, insurance and real estate have relatively large income 
multipliers. An increase in income in any one of these sectors would have a 
relatively large effect on the income throughout the regional economy. The 
income multiplier for the regional economy as a whole was estimated to be 
1.65. 
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Since the major economic problems of the region are high unemployment and 
low per capita income, sectors with high employment and income multipliers are 
identified as the high impact potential sectors in the regional economy. The 
top ten sectors ranked by the employment multiplier and by the income 
multiplier are the same with slightly different rankings (Table 6). Expansion 
of any one of these sectors is consistent with employment and income stimu-
lating policies. Furthermore, it is also consistent with output expansion 
policies. Eight of these sectors are in the top ten sectors ranked by output 
multipliers. 
In Table 7 are shown the top three sectors in terms of selling outputs 
and of buying inputs for each of the top ten sectors as ranked by employment 
or income multipliers. For instance, the three largest buyers from the 
construction sector are the state and local government, utilities, and com-
munications sectors, while the construction sector makes its largest input 
purchases from the fabricated metals, primary metals, and services sectors. 
Output sales are very dispersed with 19 out of 24 sectors appearing in Table 
7. The most frequently appearing sectors are electrical machinery, services, 
and state and local government. Input purchases are more concentrated, with 
only 9 of 24 sectors appearing in Table 7. Chemicals and plastics, primary 
metals, and services are the most frequently appearing sectors. The services 
sector emerges from Table 7 as an important sector in the region because it is 
an important input supplier to seven other sectors. 
The Coal Mining Industries 
In 1978, the coal mining sector (underground and surface together) 
generated $697.4 million of output, earned $251.0 million of income, and had 
Table 7. Sectors Most Closely Related to the High Employment and 
Income Multiplier Sectors in Terms of Selling Outputs and 
Purchasing Inputs 
Hign MulT1plier 
Sectors 1 
Construction State & Local Gov't. 
Food & Kindred Prod. Agriculture 
Lumber & Wood Prod. Printing & Publishing 
Chemicals & Plastics Electrical Mach. 
Primary Metals Fabricated Metals 
Fabricated Metals Instruments & Equip. 
Electrical Mach. Mechanical Mach. 
Instruments & Equip. Services 
Utilities State & Local Gov't. 
Finance, Ins. & Real Est. Other Mining 
Construction 
Food & Kindred Prod. 
Lumber & Wood Prod. 
Chemicals & Plastics 
Primary Me tal s 
Fabricated Metals 
Electrical Mach. 
Instruments & Equip. 
Utilities 
Fabricated Metals 
Agriculture 
Chemicals & Plastics 
Services 
Other Mining 
Primary Metals 
Primary Metals 
Primary Metals 
Coal Mining 
Finance, Ins. & Real Est. Services 
Top Three Related Sectors 
2 
Selling Outputs 
Utilities 
Services 
Construction 
Lumber & Wood Prod. 
Mechanical Mach. 
Construction 
Instruments & Equip. 
Electrical Mach. 
Stone, Clay & Glass 
Retail Trade 
Purchasing Inputs 
Primary Metals 
Chemicals & Plastics 
Primary Metals 
Primary Metals 
Chemicals & Plastics 
Chemicals & Plastics 
Chemicals & Plastics 
Fabricated Metals 
Chemicals & Plastics 
Utilities 
3 
Communications 
Finance, Ins. & Real Est. 
Fod & Kindred Prod. 
State & Local Gov't. 
Electrical Mach. 
Electrical Mach. 
Primary Metals 
Trans. & Warehousing 
Primary Metals 
Services 
Services 
Services 
Services 
Utilities 
Utilities 
Services 
Services 
Chemicals & Plastics 
Other Mining 
Printing & Publishing 
N 
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12,634 man-years of employment (Table 2). This sector was 9th in the region 
in output, 6th in income, and 7th in employment. 
The coal mining sector is one of the region's largest exporters. In 1978 
the sector sold $428.8 million of its output outside the region (Table 3). 
The coal mining sector was second in the region in the percentage of sectoral 
exports to sectoral outputs (61.5%) and third in the percentage of sectoral 
exports to total regional exports (10.7%). The coal mining sector appears to 
be highly dependent on primary inputs rather than intermediate inputs. The 
sector purchases more than two-thirds of its total inputs from the primary 
inputs sectors (Table 5), and sells more than three-fifths of total output to 
the final consumption and export demand sectors (Table 3). 
The coal mining sectors are found within the group of the bottom ten sec-
tors ranked by the output multiplier (Table 6). The output multiplier is 
slightly higher in the underground than in the surface coal mining sector. 
The coal mining sectors also have relatively low multipliers for employment 
and income. The underground coal mining sector is in the group of the bottom 
6 sectors ranked by the employment and income multipliers. The surface coal 
mining sector is ranked 13th in terms of the employment multiplier and 14th in 
terms of the income multiplier (Table 6). 
The smaller employment multiplier in the underground than in the surface 
coal mining sector (1.21 compared to 1.65) is mainly because the underground 
coal mining sector is more labor intensive. The same is true with respect to 
income. The income multiplier is smaller in the underground coal mining sec-
tor than in the surface coal mining sector (1.16 compared to 1.53). 
Table 8 shows how the coal mining sectors are related to other endogenous 
sectors within the region. In the first column are shown the input purchases 
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Table 8: The Coal Mining Sectors' Direct and Indirect 
Input Purchases and Output Sales Per $100 of 
Sectoral Output, 1978 
---·------ --------
Sectors 
Purchasing Inputs!/ Selling outputs~/ 
Underground surface Undergr~und surt.ice 
Agriculture 
Underground Coal 
Mlning 
Surface Coal Mining 
All Other Mining 
Construction 
Food & Kind n~d 
Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & 
Equipment 
Transportation & 
vlarehousing 
Communications 
Utilities 
\>lholesale Trade 
Reta i 1 Trade 
Finance, Insurance & 
Real Estate 
Services 
Federal Government 
State & Local 
Government 
----------
.13 
101.30 
1.71 
1. 03 
l. 79 
.24 
.os 
1. 36 
.13 
11.39 
1.20 
6.17 
1. 38 
6.83 
.36 
.31 
.79 
.16 
6.04 
2.13 
.11 
.71 
2.65 
.10 
.04 
.13 
6.63 
111.90 
.20 
.26 
.27 
.03 
.oo 
.12 
1. '32 
.11 
1.87 
1.48 
4.37 
.43 
.10 
.61 
.14 
.94 
l. 39 
.04 
2.48 
3.95 
.10 
.02 
.16 
101.30 
6.63 
.27 
.36 
.22 
.12 
.67 
.21 
.so 
• 76 
2.61 
1.02 
.69 
.66 
.62 
.12 
• 14 
7.68 
.12 
.26 
• 24 
.25 
.22 
.65 
.11 
l. 71 
lll. 90 
.22 
.23 
.16 
.08 
.43 
• 14 
.33 
.54 
1.61 
.64 
.44 
.43 
.43 
.08 
.10 
s.ss 
.08 
• 19 
.17 
.18 
• 16 
.so 
!/ F'1gures dre the column elements of the regional 
interdependence coefficients matrix for the underground 
and surface coal mining sectors multiplied by 100. 
~/ Figures are the row elements of the regional interdepen-
dence coefficients matrix for the underground and surface 
coal mining sectors multiplied by 100. 
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per $100 of output by the underground coal mining sector directly and 
indirectly from all other sectors. It is the underground coal sector's column 
of the interdependence coefficients matrix (Appendix Table C3) multiplied by 
100. In order to produce $100 of output, the underground coal mining sector 
makes its largest input purchases from chemicals ($11.4), mechanical machinery 
($6.8), primary metals ($6.2), utilities ($6.0), services ($2.7), and Whole-
sale trade ($2.1). 
Presented in the second column is the surface coal mining sector's column 
of the interdependence coefficients matrix (Appendix Table C3) multiplied by 
100. The surface coal mining sector appears to be highly dependent on itself 
in purchasing inputs. In order to produce $100 of output this sector purcha-
ses the largest amount of direct and indirect inputs from itself at $11.9. 
The five sectors from which the surface coal mining sector makes its largest 
direct and indirect input purchases are underground coal mining ($6.6), mecha-
nical machinery ($4.4), services ($4.0), finance ($2.5), and primary metals 
($1.9). 
In the third column is presented the underground coal mining sector's row 
of the interdependence coefficients matrix (Appendix Table C3) multiplied by 
100. It shows how the underground coal mining sector's output is distributed 
among other endogenous sectors when final demand changes simultaneously by 
$100 in all sectors. For example, each $100 of final demand in the utilities 
sector results in an increase of about $7.70 in the underground coal mining 
sector's output. In addition to the utilities sector, other large sales 
impacts come from surface coal mining ($6.6), primary metals ($2.6), and 
fabricated metals ($1.0). Internal sales within the underground coal mining 
sector are also significant ($1.3). 
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The last column shows the direct and indirect increases in surface coal 
mining sales when all sectors simultaneously increase sales by $100. It is 
found by multiplying the surface coal mining sector's row of the interdepen-
dence coefficients matrix (Appendix Table C3) by 100. The surface coal mining 
sector makes its largest output sales to itself ($11.9). As expected, the 
utilities sector is one of the largest buyers from the surface coal mining 
sector ($5.6). Other sectors to which the surface coal mining sector makes 
its relatively large output sales are underground coal mining ($1.7), and pri-
mary metals ($1.6). 
In sum, the coal mining industries do not appear to be leading sectors of 
the regional economy. Their multipliers for output, employment and income are 
relatively low. However, they seem to play significant roles in the regional 
economy as input purchasing sectors from utilities, primary metals, chemicals 
and plastics, fabricated metals, finance, insurance and real estate, and ser-
vices. The underground coal mining sector is more labor intensive than the 
surface coal mining sector. Consequently, the employment and income multi-
pliers are higher in the surface than in the underground coal mining sector. 
Impact of Sulfur Emission Control 
Sulfur regulations affect both the underground and surface coal mining 
sectors. As a consequence of the implementation of sulfur regulations, the 
demand for Ohio coal has been estimated to decline by 3.1 million tons 
accounting for 7.5 percent of total Ohio coal produced in 1978 [Scheers and 
Lillie, 1979]. This is equivalent to a $52.3 million reduction in the demand 
for coal produced in the study region. Economic impacts of this reduction 
were estimated in two steps. First, on the basis of the output ratio between 
the two coal mining sectors the reduction of $52.3 million was broken down 
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into a $15.5 million reduction in the underground coal mining sector's final 
demand and a reduction of $38.8 million in the surface coal mining sector's 
final demand. Then impacts of these respective final demand changes on each 
endogenous sector's output, employment and income were estimated through 
equations 4, 5 and 6, and summed to represent total economic impacts of sulfur 
regulations. The results are presented in Table 9. 
In the first column are shown the estimated decreases in each sector's 
output. The estimated decrease in output is the largest in the surface and 
underground coal mining sectors followed by mechanical machinery, chemicals 
and plastics, services, primary metals, utilities, and finance, insurance and 
real estate. The expected output decrease in the region as a whole was esti-
mated to be $74.2 million accounting for about 0.45 percent of total regional 
output. The surface and underground coal mining sectors together bear more 
than 80 percent of this total regional decrease. 
The last two columns of Table 9 present the estimated decrease in each 
sector's employment and income due to the implementation of sulfur regula-
tions. The expected decreases in both employment and income are relatively 
large in underground coal mining, surface coal mining, mechanical machinery, 
services, wholesale trade, chemicals and plastics, and primary metals. The 
underground and surface coal mining sectors together account for more than 80 
percent of total regional employment and income decreases. The expected 
employment and income decreases in the region as a Whole were estimated to be 
1,326 man-years and $25.0 million, respectively. These figures account for 
about 0.40 percent of total regional employment and about 0.58 percent of 
total regional income, respectively. 
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Table 9: Expected Decreases in Output, Employment 
and Income of the Reg iona1 Endogenous 
Sectors, Due to Sulfur Regulations, 1978 
Sectors 
Agriculture 
Underground Coal Mining 
Surface Coal Mining 
(Underground & 
Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated r1etals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
•rransportation & 
Warehousing 
Communications 
Utili ties 
Wholesale Trade 
Retail Trade 
Finance, Insurance 
& Real Estate 
Services 
Federal Government 
State & Local Government 
To tall/ 
Output 
($1,000) 
68.0 
18,127.8 
41,462.5 
(59,590.3) 
234.1 
372.8 
137.4 
18.1 
319.5 
64.2 
2,249.2 
227.2 
1,642.7 
759.2 
2,664.8 
212.7 
84.2 
346.2 
76.9 
1,281.8 
843.8 
34.6 
1,023.6 
1,863.7 
51.8 
13.9 
74,180.2 
Employment 
(man-years) 
1.7 
621.8 
464.4 
(1,086.2) 
2.1 
6.2 
1.0 
.4 
5.9 
2.2 
22.3 
6.8 
16.8 
12.5 
54.4 
4.0 
1.2 
7.3 
2.1 
7.7 
24.9 
2.6 
14.3 
39.1 
3.2 
1.4 
1,326.3 
Income 
($1,000) 
13.7 
12,036.9 
9,548.9 
(21,585.7) 
30.0 
107.0 
12.8 
4.0 
77.4 
30.2 
344.1 
98.7 
314.9 
184.6 
834.1 
57.0 
17.7 
117.9 
4.7 
15.9 
347.1 
22.5 
660.3 
389.5 
58.0 
15.6 
24,993.4 
!/ The sum of the elements in each column may not be equal 
to the respective column total due to the rounding 
error. 
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As a result of the implementation of sulfur regulations, changes in out-
put may also occur in other sectors than the coal mining sectors. For 
example, improved air quality resulting from the implementation of sulfur 
regulations may cause positive changes in some sectors. These possible 
changes, however, were not considered in the impact analysis of sulfur regula-
tions due to their intangible nature. Consequently, the above estimates pro-
bably overstate the size of the impacts. 
Impacts of Reclamation Requirements 
Unlike the case of sulfur regulations, the surface coal mining sector 
alone accounts for all the changes in the demand for coal due to reclamation 
regulations. According to Schlottmann (1977), surface coal production in Ohio 
is expected to decline by 5.6 percent due to reclamation regulations imposed 
on surface coal mining. This is equivalent to an output reduction of $27.5 
million in the surface coal mining sector in the 1978 regional 1-0 model. 
This output reduction can be considered as a final demand reduction since it 
is an autonomous reduction to the surface coal mining sector's output. The 
expected effects of this final demand reduction on each endogenous sector's 
output, employment and income were estimated through equations 4, 5 and 6, and 
presented in Table 10. 
In the first column are shown the estimates of output decrease in each 
sector. The estimated decrease in output is largest in surface and 
underground coal mining, followed by mechanical machinery, services, finance, 
insurance and real estate, primary metals, fabricated metals, wholesale trade 
and chemicals and plastics. The underground and surface coal mining sectors 
together account for more than 80 percent of the total regional output 
decrease due to reclamation regulations. For the region as a whole, an output 
35 
Table 10: Expected Decreases in Sectoral Output, 
Employment and Income of the Regional 
Endogenous Sectors Due to Reclamation 
Regulations, 1978 
Sectors 
Agr1culture 
Underground Coal Mining 
Surface Coal Mining 
(Underground & Surface) 
All Other Mining 
Construction 
Food & Kindred Products 
Textile & Apparel 
Lumber & Wood Products 
Printing & Publishing 
Chemicals & Plastics 
Stone, Clay & Glass 
Primary Metals 
Fabricated Metals 
Mechanical Machinery 
Electrical Machinery 
Instruments & Equipment 
•rransportatLon & 
Warehous1ng 
Commun1cations 
Uti lL ties 
Wholesale Trade 
Retail Trade 
Finance, Insurance 
& Real Estate 
Services 
Federal Government 
State & Local Government 
Total.!/ 
Output 
($1,000) 
36.1 
1,827.6 
30,866.6 
(32,716.1) 
55.9 
71.6 
74.5 
8.3 
81.7 
32.9 
363.0 
30.8 
515.3 
408.5 
1,204.1 
117.9 
27.1 
168.0 
38.8 
284.9 
384.7 
12.1 
684.0 
1,088.4 
27.6 
6.3 
38,390.4 
Employment 
(man-years) 
.9 
62.7 
348.6 
(410.5) 
.s 
1.2 
.s 
.2 
1.6 
1.2 
3.6 
1.0 
5.3 
6.7 
24.6 
2.3 
.4 
3.6 
1.1 
1.7 
11.3 
1.0 
9.8 
22.9 
1.8 
.7 
514.7 
Income-
($1,000) 
7.3 
1,214.5 
7,!08.6 
(8,323.2) 
7.2 
20.6 
7.0 
1.9 
19.8 
15.5 
55.6 
13.5 
98.8 
99.4 
377.8 
31.8 
5.8 
57.2 
17.5 
27.5 
158.2 
7.9 
111.9 
228.3 
30.8 
7.0 
9,725.5 
l/ 'l'hl! sum nf the c.~ Leman ts in e.1ch co 1 unm mil y not he cqud 1 
to the respecl i.ve column total due to the rounding errur. 
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decrease of $38.4 million was estimated. This estimate accounts for about .24 
percent of regional total output. 
Presented in the last two columns are the estimated decreases in each 
sector's employment and income due to reclamation regulations. The largest 
decreases in both employment and income occur in the coal mining sectors. The 
underground and surface coal mining sectors together account for about 80 per-
cent of the total regional decreases in employment and income. For the region 
as a whole, the expected decrease in employment and income was estimated to be 
about 515 man-years and $9.7 million, respectively. These respective figures 
account for about .16 percent of total regional employment and about .23 per-
cent of total regional income. Other sectors with a relatively large decrease 
in their employment and income are the mechanical machinery, services, whole-
sale trade and finance, insurance and real estate sectors. 
As in the impact analysis of sulfur regulations, possible changes in sec-
tors other than the surface coal mining sector were not considered in the 
impact analysis of reclamation regulations. For example, an output expansion 
may occur in the agricultural and underground coal mining sectors as a result 
of the implementation of reclamation regulations, but this was not considered 
in the impact analysis due to the lack of information. An output increase in 
the underground coal mining sector might result because the comparative advan-
tage in underground coal production improves as reclamation requirements 
increase costs of surface coal production. The use of reclaimed land for 
agricultural purposes might result in an output increase in the agricultural 
sector. The inclusion of these output increases in the impact analysis may 
change the original results, especially with respect to the agricultural and 
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underground coal mining sectors. For this reason, the above estimates for 
reclamation regulations overstate the size of the impacts. 
In summary, the coal mining sectors bear a major portion of total 
regional impacts of the regulations. Economic impacts of the regulations are 
relatively large in sectors closely related to the coal mining sectors. 
Economic impacts of sulfur and reclamation regulation on the regional economy 
as a whole appear to be small, however. 
Conclusions and Implications 
The main objective of this study was to develop an I-0 model for the 
major coal producing region of Ohio, and through the model to estimate the 
structural interdependence of the region's economy. An open, single-region, 
static, non-survey I-0 model was derived from the 1978 u.s. national I-0 model 
updated from the 1972 model. In this model the coal mining industry was bro-
ken down into the underground and surface coal mining sectors. Special atten-
tion was focused on the coal mining sector and related sulfur and reclamation 
regulations. 
Conclusions 
The research findings of this study lead to several important conclu-
sions. First, the five largest sectors in terms of output generated within 
the study region are primary metals, services, chemicals and plastics, mecha-
nical machinery and utilities. These five sectors together account for more 
than one-half of regional output, and 40 percent of employment and income. 
Coal accounts for 4.2 percent of output, 3.8 percent of employment and 5.8 
percent of income in the region. 
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Second, the study region is a net exporter. The region's largest net 
exporting sectors are coal mining (underground and surface together), stone, 
clay & glass, primary metals and fabricated metals. These sectors each export 
more than one half of their total output, and together account for 70 percent 
of total exports from the region. 
Third, the textile sector is at a comparative disadvantage, and is not 
linked to the regional economy. This sector imports more than 90 percent of 
its total output. The large bottleneck (or importing) sectors are finance, 
insurance and real estate, wholesale trade and retail trade. The finance, 
insurance and real estate sector imports about one-half of its total output, 
and the other two sectors import more than 30 percent of their outputs. 
Fourth, the high impact potential sectors with respect to employment and 
income multipliers are construction, food and kindred products, lumber and 
wood products, chemicals and plastics, primary metals, fabricated metals, 
electrical machinery, instruments and equipment, utilities, and finance, 
insurance and real estate. These multipliers were considered to be more 
important than the output multiplier because of high unemployment and low per 
capita incomes in the region. 
Fifth, the services sector appears to be an important supporting sector 
of the high multiplier sectors. 
Sixth, the coal mining sectors have relatively low impact potential. The 
coal mining sectors' output, employment and income multipliers are relatively 
modest. 
Seventh, compared to the surface coal mining sector, the underground coal 
mining sector has higher interaction with other sectors and is more labor 
intensive. Consequently, the multiplier effect for output is larger for 
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underground mining, but the multiplier effects for employment and income are 
larger for surface mining. 
Eighth, the underground and surface coal mining sectors bear over 80 per-
cent of economic impacts of sulfur regulations on regional output, employment 
and income. 
Ninth, the surface coal mining sector alone suffers most of the economic 
impacts of reclamation regulations. This sector accounts for more than two-
thirds of all the decreases in total regional output, employment and income 
due to reclamation regulations. 
Tenth, in addition to the coal mining sectors, sulfur and reclamation 
regulations have their largest impacts on the chemicals and plastics, primary 
metals, mechanical machinery, utilities, finance, insurance and real estate, 
services, fabricated metals and wholesale trade sectors. These are the sec-
tors most closely related to the coal mining sectors. 
Finally, economic impacts of the regulations appear to be minor on the 
regional economy as a whole. The estimated total regional decreases in out-
put, employment or income due to sulfur or reclamation regulations are 0.2 to 
0.6 percent of total regional output, employment or income. 
Policy Implications 
The two basic economic problems in the study region are high unemployment 
and low income. Since coal is a dominant resource in this region, economic 
impacts of environmental regulations imposed on the use and extraction of coal 
are commonly thought to represent an important variable in dealing with these 
economic problems. Several policy implications are drawn from the results of 
the regional r-o analysis. 
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Based on industry size and the employment and income multipliers, the 
primary metals~ chemicals and plastics~ and utilities sectors might be given 
more attention since change in any one of these sectors would have relatively 
large impacts on regional employment and income. These three sectors also 
have relatively large output multipliers. Also, they appear to be economi-
cally viable in the region. Expansion or creation of local firms within these 
sectors is therefore suggested for improving the regional economy. 
Construction, food and kindred products, instruments and equipment, and 
finance, insurance and real estate are bottleneck (importing) sectors. 
Expansion of these sectors would not only have large employment income 
multiplier impacts but would also make the regional economy more self-
sufficient in these sectors. Expansion of these sectors would also increase 
the diversification of the regional economy, since flexibility is generally a 
good policy consideration. The services sector has also emerged as a large 
and an important supporting sector to the regional economy. 
A primary dampening influence on the demand for coal is high sulfur 
content. Therefore, expansion of the coal mining industries should be con-
sidered in conjunction with technological improvements in the use of high 
sulfur coal. Policy interests of this kind include coal washing, coal 
liquefaction and coal gasification. 
Another dampening influence on the coal industry is the incremental cost 
of surface coal production resulting from the imposition of reclamation 
requirements on surface mining. Reclamation requirements based on the compre-
hensive plan for the alternative post-uses of reclaimed land, rather than 
"original contour" requirements, might be a good policy consideration for 
lessening the costs of reclaiming surface mined land. 
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The imposition of sulfur and reclamation policies seems to justify the 
environmental concern of the public. Economic impacts of sulfur and 
reclamation regulations are minor on the regional economy as a whole. The 
macro implication is that the adverse impacts of the use and extraction of 
coal can be adequately controlled at a relatively low cost to the regional 
economy. However, economic impacts of sulfur and reclamation regulations are 
relatively large in the coal mining sectors. The relaxation or enforcement of 
the regulations therefore remains as an important policy variable in dealing 
with the region's basic economic problems of high unemployment and low income. 
~I 
3/ 
~I 
~/ 
8/ 
~I 
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FOOTNOTES 
Several empirical studies estimated likely changes in Ohio's coal produc-
tion due to sulfur emission control and reclamation requirements. For 
more details, see Schweers and Lillie (1979) and Schlottmann (1977). 
The terminology in the I-0 analysis is not entirely consistent among 
authors. Jones and Stipe (1978) provides a comprehensive list of I-0 
definitions and synonyms. 
Moore and Peterson (1955) developed the concept of income and employment 
multipliers. The concept of income multiplier was developed further by 
Hirsch (1959). The analysis of these multipliers or impact coefficients 
has since been a major part of the I-0 analysis. 
For more discussion on the limitations of the economic base model, see 
Prescott and Lewis (1975), Richardson (1978) and Schaffer (1979). 
More details on the concept as well as the limitations of the econometric 
model are provided in Theil, et al., (1965), Glickman (1971) and 
Richardson (1978). ----
The closed I-0 system takes into account the demand and supply factors 
simultaneously. By doing so, the system facilitates incorporation of 
induced effects of final consumption. 
Since the completely closed I-0 system is homogenous, in algebraic terms, 
it has either a trivial solution or infinitely many proportionate 
solutions. For the complete mathematical presentation of the completely 
closed I-0 system, see Yan (1968). 
The questionnaire used in this test survey was developed on the basis of 
the questionaire used in the West Virginia I-o study, see Appendix D in 
Ro (1982). 
The interindustry flow data used in this model were obtained by means of 
a sample, interview survey. On the average, 3.3 percent of all 
establishments in each sector were used as the sample. Miernyk, et al. 
(1970) showed through statistical tests that the sample establishments 
were a representative cross section of establishments in most sectors, 
and reported high response rates with complete cooperation in most sample 
establishments. They went on to conclude that the West Virginia I-0 
model was highly reliable. 
Northern Appalachia includes Eastern Pennsylvania, Western Pennsylvania, 
Northern West Virginia and Ohio. 
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Appendix A 
Mathematical Specification of the Input-Output Model 
The typical flow table can be best expressed by a linear equation system 
including sets of output equations, input equations, and identity equations: 
(A.l) xi = ~=1 xij + ~=k+1 fij j=1,n 
(A.2) xj ~=1 xij + ~==k+1 rij i=1,m 
(A.3) xi = xj ; v i=j; i,j=1,k 
(A.4) ~=k+l xi ~=k+1 xj; i=k+1,m; j=k+l,n 
where, 
Xi = total output of sector i 
total inputs used by sector j 
total intermediate output sold by sector i to itself and to all 
other endogenous sector~ 
total intermediate inputs purchased by sector j from itself and 
from all other endogenous sectors 
total final demand for output of sector i 
~=krlrij =total primary inputs purchased by sector j from all primary 
input sectors 
Equation A.l shows how the output of a given sector is used by k endoge-
nous intermediate sectors (~=l xij) and n-k exogenous final demand sectors 
( iJ=k+1f 1j). The final demands include household purchases, exports, govern-
ment purchases, gross inventory accumulation and gross private capital for-
mation [Miernyk, 1965; Richardson, 1972; Jones, Jr., 1978]. The final demand 
sectors are the autonomous sectors which determine the level of output of an 
economy. The final demand sectors in a small economy's 1-0 model are in 
A2 
general summarized into three sectors: "Household," "Government" and "Export" 
demand sectors; for example, see Hushak, !! al. (1981). "Household" and 
"Government" sectors are often aggregated further into a single "Consumption" 
sector. 
Equation A.2 shows input purchases by an endogenous sector from all other 
endogenous sectors ( {=1 x1j) and primary input sectors ( ~-k+1 r 1j). The 
primary inputs include payments to households in the form of wages, salaries, 
rental income, interest income and profits; payments to government; imports of 
goods and services; inventory depletion; and capital consumption or depre-
elation [Miernyk, 1965; Jones, Jr., 1978]. Primary input sectors of a small 
scale economy's I-0 analytical system are commonly aggregated into Labor, 
Capital and Imports. The first two sectors are often represented by a single 
"Value Added" sector. 
The total amount of each primary input employed is subject to the 
constraint that the total amount of the primary inputs used by the k endoge-
nous and n-k exogenous sectors be equal to the total amount of that resource 
available within the economy under consideration; i.e., 
i=k+l,m; j==l,n 
where ri stands for the total amount of primary input i available within the 
considered economy. 
As an equilibrium condition of the economy under consideration, equation 
A.3 states that total output must be equal in value terms to total inputs for 
a given endogenous sector. Equation A.4 simply shows that total final demand 
must be equal in value terms to total primary inputs for the entire economy in 
equilibrium. Equation A.4 further implies that as a whole the direct transac-
tions between the final demand and primary input sectors must be in 
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equilibrium. Stated by equations A.3 and A.4 together is then that for the 
entire economy in equilibrium the total input in value terms must be the same 
as the total output; i.e., ~=1 xi= ~=1 xj. 
The Technical Coefficients Matrix 
The matrix of the elements xij in the flow table is called the transac-
tions matrix. From this transactions matrix, the technical coefficient matrix 
can be defined. The i,jth element of the technical coefficients matrix (aij) 
is 
(A.6) aij = xij I Xj ; i,j=1,k 
The technical coefficient indicates what proportion of total inputs used by 
sector j is purchased from sector i, or it shows direct purchase of a given 
endogenous sector from itself and every other endogenous sector per unit of 
output. 
By rewriting equation A.6 as xij = aij xj, and imposing the identity 
equation A.3, equation A.1 can be restated as 
(A. 7) X = t. 1 aij X.+ ~=k+1 fij i J= J 
This equation shows the production relationship in the I-0 table using the 
technical coefficients. 
The technical coefficients matrix for primary inputs can be established 
in a similar way. The element of the technical coefficients matrix for the 
primary input (vij) is defined as 
i=k+l,m; j=l,k 
It shows the amount of the primary input used as a proportion of total input 
by the jth endogenous sector. Since equation A.8 implies that rij = vij Xj, 
it follows from equation A.S that 
i=k+1 ,m; j=1, n 
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where ri is the total amount of the primary inputs available to all endogenous 
and exogenous sectors. Equation A.9 states the primary input constraint on 
the whole economy under consideration in terms of the technical coefficients 
for primary input use. 
The Interdependence Coefficients Matrix 
Changes in the final demand have indirect effects in addition to direct 
effects on the sectoral outputs through successive rounds of transactions 
based on the interrelation of the endogenous sectors. The technical coef-
ficient shows only the direct effect. The total effect as the sum of the 
direct and the cumulative indirect effects can be measured by interdependence 
coefficients. 
The interdependence coefficient is defined from the technical coef-
ficients matrix. Equation A.7 can be restated in matrix form as: 
(A.10) X =AX+ F 
where X = k x 1 column vector of sectoral total outputs (Xi) 
A = k x k matrix of technical coefficients (aij) 
F = k x 1 column vector of total final demand (F1 = ~=k+1 fij) • 
Equation A.10 can be restated as: 
( A.U) 
( A.12) 
( A.13) 
F = (I - A) X, or 
-1 X = (I - A) F, or 
X = BF 
-1 
where I is a k x k identity matrix, and B stands for (I - A) , the k x k 
interdependence coefficients matrix with elements bij" 
The matrix (I -A) in equation A.ll is called the Leontief I-0 matrix 
[Miernyk, 1965]. This matrix is inverted as in equation A.l2 to obtain a 
matrix of direct and indirect requirements of intermediate inputs per dollar 
~ 
of final demand. The matrix (I - A)-1 can be approximated as the sum of the 
infinite series I+ A+ A2 + A3 + ••• +A~ Since aij < 1, as A is carried to 
successively higher powers the coefficient will get closer and closer to zero. 
In practice, if the A matrix is carried to the twelfth power, a workable 
approximation to (I - A)-l can be obtained [Miernyk, 1965]. The term I, the 
identity matrix, is the initial change in final demand. The term A, the 
technical coefficients matrix, represents the direct input requirements to 
support one dollar change in final demand. The remainder of the series, 
A2 + A3 + ••• +A~ is the indirect requirements generated as all endogenous 
sectors purchase inputs to satisfy their direct requirements. 
The interdependence coefficient bij indicates the sum of the final demand 
change and direct and indirect changes in the requirements of intermediate 
inputs used by the jth sector as a result of a one dollar change in final 
demand of the ith sector. The direct changes in input requirements are given 
by the technical coefficients matrix A. The indirect changes in input 
requirements can be obtained as B- (I +A), the total requirements less the 
initial change in final demand and the direct requirements. 
The primary input constraint (equation A.9) can also be restated in 
matrix form as 
(A.14) R = VX 
where R is a (m-k) x 1 vector of total primary inputs available and V stands 
for the (m-k) x n matrix of the technical coefficients for primary input use 
with elements vij; i=k+l,m; j=l,n. Substitution of equation A.l3 into 
equation A.l4 yields 
(A.lS) R = VBF, or 
(A.l6) R = ZF 
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where Z (=VB) is the matrix with the elements Zij; i=k+l,m; j=l,n. The ele-
ment zij shows the total change (direct and indirect) in the use of primary 
input i per one dollar change in final demand for the output of sector j. 
Impact Coefficients (Multipliers) 
The output multiplier indicates how total production will change 
throughout the economy as final demand is changed in any one sector of the 
economy. The output multiplier for a given endogenous sector j is 
(A.l7) ~o. __k b 1\.J = L:"l=l ij 
The output multiplier for sector j is the sum of the elements in column j of 
the interdependence coefficients matrix. 
The employment multiplier for a given sector indicates total employment 
changes in the economy resulting from a unit change in direct employment in 
that sector. The basic assumption underlying the employment multiplier is 
that, for each endogenous sector, a linear relationship exists between 
employment and output [Richardson, 1972; Jones, Jr., 1978]. The employment 
multiplier is computed from the direct and indirect employment effects esti-
mated via an I-0 model. The employment multiplier for a given sector j is 
where U is the employment of each endogenous sector. 
The denominator in equation A.l8 is average employment per unit of output 
in sector j, or the direct employment effect per unit change in final demand. 
The numerator is the sum of interdependence coefficients for sector j weighted 
by average employment per unit of output in each endogenous sector [Doeksen 
and Schreiner, 1974]. 
g 
The most common I-0 employment multipliers are the Type I and Type II. 
The employment multiplier defined here is the Type I. The Type II employment 
multiplier is the ratio of direct, indirect and induced employment effects 
resulting from a unit change in final demand to direct effects. The direct, 
indirect, and induced employment effects are estimated by multiplying the 
column vector of the interdependence coefficients matrix with the household 
sector endogenous by a row vector of average employment per unit of output in 
each endogenous sector. The direct and indirect effects for the Type I 
multiplier are estimated on the basis of the interdependence coefficients 
matrix with the household sector exogenous. For more details, see Jones, 
Jr. (1978), Palmer,~ al. (1978), Richardson (1972), and Miernyk (1965). 
The income multiplier measures the total change in income throughout the 
economy resulting from a unit change in income in a given sector in response 
to a final demand change. The basis of the income multiplier is that a cer-
tain amount of income is generated with each change in the output of each 
endogenous sector [Jones, Jr., 1978]. The income multiplier for a given sec-
tor j is the ratio of total (direct plus indirect) income effect to direct 
income effect resulting from a change in final demand 
where Y is income of individual endogenous sectors. 
The direct income coefficient for sector j, the denominator in equation 
19, is the average income per unit of output in sector j. The total (direct 
plus indirect) income effect, the numerator in equation A.l9 is obtained by 
multiplying the column vector of the direct income coefficients by average 
income for each sector [Doeksen and Schreiner, 1974]. 
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There are Type I and Type II income multipliers, which are similar to 
Type I and Type II employment multipliers. The income multiplier defined in 
equation B.19 is the Type I multiplier. The type II income multiplier is the 
ratio of the direct, indirect and induced income effects resulting from a unit 
change in final demand to the direct income effect. The Type I income 
multiplier is computed from the interdependence coefficients matrix with the 
household sector exogenous, while the Type II multiplier is estimated from the 
interdependence coefficients matrix with the household sector endogenous. For 
details, see Richardson (1972) and Jones, Jr. (1978). 
Price Adjustment 
Problems of the I-0 model's static nature can be reduced through the 
price adjustment on the technical coefficients matrix. The out-of-date tech-
nical coefficients matrix (Ao) can be updated to a matrix for time t (At) by 
pre-multiplying by a diagonal matrix of price indices (P) for all endogenous 
sectors and post-multiplying by a diagonal matrix of the reciprocals of the 
price indices (P-1) [Stone and Brown, 1962], 
(A.20) At = PA0 p-l 
This relative price adjustment multiplies each row by the price index for sec-
tor i and each column by the inverse of the price index for sector j. As a 
result of this adjustment, each technical coefficient (aij) is increased by 
the increased cost of purchasing from sector i (pi) and decreased by the 
increased value of the output for sector j (1 I pj); i.e., 
t 0 
aij = pi aij (1 I pj). In this price adjustment, it is assumed that price 
differences operate uniformly along rows [Czamanski and Malizia, 1969], that 
substitution of one product for another operates uniformly along the rows 
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[Stone and Brown, 1965; Czamanski and Malizia, 1969], and that changes in the 
production function operate uniformly along the columns [Stone and Brown, 
1962, 1965]. 
Appendix B 
Regional I-0 Model: Empirical Generation 
The regional I-o model of fifteen major coal producing counties in Ohio 
is derived from the 1978 u.s. national I-0 model updated from the 1972 model. 
Presented are the detailed step-by-step procedures of this derivation. The 
overall presentation follows the sequential order of research procedures 
• 
visualized in Figure B1. 
Selection of Economic Sectors (Step 1) 
Industries reported in the 1978 Ohio County Business Patterns data for 
the study region are grouped into 24 endogenous sectors according to the 
following two categories: (1) industries producing similar and closely 
related products, and (2) the conformity with the level of aggregation used by 
the Bureau of Economic Analysis (BEA) in preparing the u.s. national I-o model 
for 1972. With the subdivision of the coal mining sector into underground and 
surface coal mining sectors, the economy of the study region is broken down 
into a total of 25 endogenous sectors. These regional endogenous sectors are 
listed in Table B1. 
In addition to the 25 endogenous sectors listed in Table B1, the regional 
I-0 model in this study includes Value Added and Imports as the primary input 
sectors, and Consumption and Exports as the final demand sectors. Entries for 
the primary input sectors are wages and value added, and imports, respec-
tively. Private purchases and purchases by federal, state, and local govern-
ments are the elements of the consumption demand vector. Exports are defined 
as residuals. 
Reduced National Input-Output Model (Step 2) 
The most recent national technical coefficients matrix is for 1972 at two 
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1972 u.s. Techn1cal 
Coefficients Matrix Price ~ (365 X 365) 
"' 
Adjustment 
1) Ident1t1cat1on 1978 u.s. Techn1cal 
of the 24 Regional Coefficients Matrix 
Economic Sectors (365 X 365) 
Sectoral Aggregat1on 
With Noncompetitive 
Imports Adj_ustment 
2) 1978 Reduced Nat1onal compet1t1ve Imports 
Technical Coefficients Adjustment by the 
Matrix Supply-Demand Pool 
(24 X 24) Technique 
SubdlVlSlOn of the 3a) l -1978 Reglonal·---
Coal Mining Sector Technical Coef-
(Underground and ficients Matrix 
surface) for 24 Sectors 
(24 X 24) 
3b) 1978 Regional Technical 1978 Regional 
Coeff1cients Matrix for Interdependence 
25 Sectors Coefficients 
(25 X 25) Matrix 
(25 X 25) 
l 
1978 Reg1onal Complete Output, Employ-
Flow Table ment and Income 
(27 X 27) Multipliers 
Figure Bl: The Research Procedures 
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Table Bl: Endogenous Sectors Included in the Regional 
Input-Output Model for the Fifteen Major Coal 
Producing Counties in Obi~/ 
Sector 
1. Agriculture 
2. Coal Mining 
a. Underground 
b. Surface 
3. All Other Mining 
4. Construction 
5. Food & Kindred Products 
6. Textile & Apparel 
7. Lumber & Wood Products 
8. Printing & Publishing 
9. Chemicals & Plastics 
10. Stone, Clay & Glass 
11. Primary Metals 
12. Fabricated Metals 
13. Mechanical Machinery 
14. Electrical Machinery 
15. Instruments & Equipment 
16. Transportation & Warehousing 
17. Communications 
18. Utilities 
19. Wholesale Trade 
20. Retail Trade 
21. Finance, Insurance & Real 
Estate 
22. Services 
23. Federal Government 
24. State & Local Government 
Bureau of 
Economics 
Analysis 
Classi-
fication 
1-4 
7 
7 
7 
8,9 
11,12 
14 
17-19 
20-25 
26 
27-32 
35,36 
37,38 
39-42 
43-52 
53-58 
59-64 
65 
66,67 
68 
69 
69 
70,71 
72-77,81 
78 
79 
Standard 
Industrial 
Classi-
fication 
1,2,7-9 
11,12 
11,12 
11,12 
13,14 
15-17 
20 
21-23 
24-26 
27 
28-31 
32 
33 
34 
35 
36 
37-39 
40-42,44-47 
48 
49 
50,51 
52-59,73,80 
60-66 
58,70-73,75, 
76,78-84,89 
N/A 
N/A 
West Virginia 
Study 
Classi-
fication 
1 
N/A 
2 
3 
4,5 
6-8 
9-12 
13 
14,15 
16 
17,18 
19-20 
21 
22 
23 
24 
25-27 
42-44 
45 
46-48 
29 
30-32 
33-37 
28,38-41 
N/A 
N/A 
Source: Various publications of the Ohio Bureau of Employment Services 
for 1978, 1978 Ohio County Business Patterns, 1978 Ohio 
Division of Mines Report, Appendix B in Ritz (1979), Table A 
in Young, and Ritz (1979), and USDCa (1979). 
~/ N/A • Not Applicable 
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different Standard Industrial Classification (SIC) levels: 2-digit and 
4-digit. The matrix at the 2-digit SIC level includes 85 endogenous sectors 
[Ritz, 1979] or 97 endogenous sectors [SA, 1981], and the matrix at the 
4-digit SIC level includes 496 endogenous sectors [USDCa, 1979] or 365 endoge-
nous sectors. The 365 sector matrix is not published, but is available on 
computer readable magnetic tape. 
The major problem in deriving the regional technical coefficients from 
the national ones is product and industry mix [Miernyk, 1965; Richardson, 
1972]. This problem is attributable to the possible differences between 
regional and national production functions and between regional and national 
industrial compositions. The differences in the production functions, 
according to Boisvert and Bills (1976), can possibly be corrected by using 
highly disaggregated national coefficients, because the input structure of 
industries at the 4-digit SIC level is more similar throughout the nation than 
at the 2-digit SIC level; see also Miernyk (1965). At the 4-digit SIC level 
of sectoral disaggregation, the national coefficients reflect more reliable 
regional coefficients. Two recent empirical comparisons between I-0 models 
derived from the 2-digit SIC national model and the 4-digit SIC national model 
with regional survey models confirm this [Brucker and Hastings, forthcoming, 
and Cartwright et al., 1981]. For this reason, the present study uses the 
u.s. national coefficients at the 4-digit SIC level. In his recent study, 
Kakish (1981) updated the 1972 u.s. national coefficients for 365 sectors at 
the 4-digit SIC level to 1978. These updated national coefficients are 
available for the present study on the computer readable magnetic tape. The 
updating procedure was discussed earlier. For the price indices used in the 
price adjustment, see Appendix A in Ro (1982). 
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The difference in the industrial composition between regional and 
national economies, on the other hand, can be partially corrected by making an 
adjustment on the national technical coefficients with regional weights repre-
senting the importance of individual sectors in the region. The use of some 
measure of gross output or value added is considered to be ideal in this 
weighting scheme, but figures on regional gross output and value added at the 
4-digit SIC level are not available in practice, and the weighting scheme 
often relies exclusively on disaggregated employment data [Shen, 1960; 
Boisvert and Bills, 1976]. The present study uses regional employment as 
regional weights in computing the regional technical coefficients from the 
national coefficients. 
Except for agricultural employment, the 1978 regional employment figures 
are available at the 4-digit SIC level in USDC (1980). Agricultural 
employment is estimated as regional agricultural output divided by national 
per capita agricultural productivity. The 1978 data on regional agricultural 
output and national per capita agricultural productivity are available at the 
4-digit SIC level in OARDC (1979) and USDCb (1979), respectively. For the 
complete figures on the 1978 regional employment, see Appendix B in Ro (1982). 
In order to obtain the regional technical coefficients, the 365 sector 
matrix of the u.s. national technical coefficients is aggregated to the 24 
endogenous sectors identified in the region (Table Bl). The theoretical 
rationale and the computer program used in this study are described more fully 
in Kakish and Morse (1983). For those sectors with zero employment, the tech-
nical coefficient is transferred to the import row as a noncompetitive import. 
Of the 365 endogenous sectors of the U.S. national economy 118 sectors had 
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zero production in the region in 1978. The intermediate inputs from these 118 
sectors are excluded from the regional transactions and allocated directly to 
regional imports. 
The national technical coefficients for the remaining 247 endogenous sec-
tors are aggregated following the conventional two steps: the aggregation by 
columns row then rows [Bosivert and Bills, 1976; Kakish and Morse, 1982]. The 
technical coefficients for a number of individual sectors in the original 
* national matrix (a ) are aggregated by columns, weighing each sector by gq 
employment at the 4-digit SIC level (Uq) 
(B.l) 
where cr stands for an arbitrary number. This aggregation of a number of 
columns into one column results in a new non-square matrix (247x24) of the 
national technical coefficients. The second step aggregates the rows in the 
non-square matrix (247x24) to yield a square matrix (24x24) 
( B.2) 
This reduced matrix of the national technical coefficients reflects the dif-
ference between regional and national industrial composition when it is used 
in computing the regional technical coefficients matrix [Boisvert and Bills, 
1976]. While this matrix has been adjusted for noncompetitive imports, it has 
not been adjusted for competitive imports. Some of the regional technical 
coefficients need to be adjusted downward to reflect the fact that regional 
output is inadequate to service all of the intermediate demand and final 
demand. This is done in Step 3. 
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Complete Regional I-0 Model (Step 3) 
Regional Sectoral Output 
In order to generate the regional transactions matrix, complete 
information on the outputs of all endogenous sectors in the region is needed. 
Published data provide sectoral outputs for the agriculture and coal mining 
sectors only. For the remaining sectors, sectoral outputs (Xi) are computed 
on the basis of the regional sectoral employment (Ui) and national sectoral 
* average productivity of labor as the national sectoral outputs (Xi) divided by 
* the national sectoral employment (Ui); i.e., 
* * (B.3) xi = xj = ui (Xi I ui) v i=j 
This procedure was suggested by Jones et al. (1972). 
Equation B.3 provides more precise estimates of sectoral outputs of the 
regional economy if it is applied to highly disaggregated information on out-
put and employment. The 1978 information on the national output is available 
only at the 2-digit SIC level, however. For this reason, equation B.3 is 
estimated on the basis of the 1972 national output and employment figures 
available at the 365 sector level. The estimation includes three steps. 
First, the 1972 national productivities of labor are computed for the 365 sec-
tors and then updated to 1978. The 1972 national output figures are available 
in USDCa (1979). The 1972 national employment figures are available from 
various sources, see Appendix Bin Ro (1982). 
Second, the 1978 regional outputs for the 365 sectors are defined as the 
regional sectoral employment multiplied by the 1978 national sectoral produc-
tivity. Finally, these computed outputs are aggregated for a total number of 
24 endogenous sectors of the regional economy. 
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Regional Sectoral Income 
Information on income by sector is also not available from the published 
data. Sectoral incomes for all endogenous sectors within the region (Yi) are 
estimated as the regional sectoral employment (Ui) multiplied by the sectoral 
average annual wage rates or per capita average annual earnings (Wi) 
The sectoral per capita average annual earnings are obtained from information 
on the sectoral per capita average weekly earnings provided in OBESb (1979), 
and presented in Appendix Table B2. Figures on the average annual earnings 
assume 52 weeks per year and 40 hours per week. 
Regional Total Consumption Demand 
Information on regional consumption demand is not directly available from 
published data. Consumption demand is the total final demand with export 
demand excluded. This includes household consumption demand and government 
consumption demand representing all other consumption demands than exports. 
Regional total household consumption 
national total household consumption 
regional total to national total per 
(B.S) % = c~ < ~=1 Yi I ~=lY~) 
Similarly, regional total government 
total government consumption demand 
total to national total output 
demand (Ch) is estimated as the 
* demand <St> multiplied by the ratio of 
household income 
consumption demand (Cg) is the 
* (Cg) multiplied by the ratio of 
national 
regional 
The sum of these two different consumption demands defines the regional total 
consumption demand other than exports (C ) j 
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TABLE B2 
1978 u.s. National Per Capita Productivity Indices (1972a1QO) 
and 1978 Per Capita Average Annual Earnings in the Region at the 
25 Sector Level of Disaggregation* 
1978 National Productivity Index 
1972]} 1978!:./ 
Regional Productivity Productivity 1978 Inde,d/ 
Endogenous Sector (1972 $) (1978 $) (1972=100) 
Agriculture 23,121 35,172 152.1 
Coal Mining 33,805 55,19911 163.3 
a. Underground N/A 29,13~/ N/A 
b. Surface N/A 88,5242/ N/A 
All Other Mining 66,023 86,260 130.6 
Construction 36,598 59,906 163.7 
Food & Kindred 
Products 69,196 130,548 188.7 
Textile & Apparel 26,451 43,205 163.3 
Lumber & Wood 
Products 32,429 54,856 169.2 
Printing & Publishing 15,449 37,060 239.9 
Chemicals & Plastics 49,456 126,209 255.2 
Stone, Clay & Glass 31,053 47,960 154.4 
Primary Metals 45,120 94,870 210.3 
Fabricated Metals 33,013 56,674 171.7 
Mechanical Machinery 33,729 51,486 152.6 
Electrical Machinery 28,333 43,024 151.9 
Instruments & 
Equipment 44,307 55,054 124.3 
Transportation & 
Warehousing 28,539 49,381 173.0 
Communications 26,222 35,861 134.7 
Utilities 80,196 133,661 166.7 
Wholesale Trade 25,257 33,802 133.8 
Retail Trade 8,290 13,101 158.0 
Finance, Insurance & 
Real Estate 65,783 73,514 111.8 
Services 22,022 32,132 145.9 
Federal Government 10,775 16,378 152.0 
State & Local 
Government 5,321 8,087 152.0 
Sources: 1/ USDCa (1979) and Appendix B of Ro (1982). 
l/ USDCa (1979), Appendix A and USDCb (1979) 
J/ 1978 Productivity divided by 1972 Productivity 
Regional~/ 
Per Capita 
Average 
Annual 
Earnings 
(1978 $) 
8,129 
19,8651/ 
19,3622/ 
20,38811 
14,166 
17,106 
13,059 
9,961 
13,051 
13.520 
15,338 
14,413 
18,633 
14,767 
15,363 
13,509 
14,709 
16,097 
16,187 
17,046 
13,904 
8,524 
10,883 
9,953 
18,235~/ 
11,176 
4/ OBESa (1978, 1979), OBESb (1979) and OBESe (1978,1979) 
S/ ODIR (1979) 
6/ USDC (1980) 
* The figures assume 52 weeks per year and 40 hours per week. 
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(B.7) cj = ch + cg 
The 1978 information on the national final demand is obtained by updating the 
1972 information available in USDCa (1979). 
Regional Technical Coefficients Matrix (Step 3al 
At this point, the reduced matrix of the national technical coefficients 
does not contain the noncompetitive imports, but it still contains the com-
petitive imports in its elements. The competitive imports are the regional 
goods and services imported from outside the region due to the region's insuf-
ficient production capacity. The regional technical coefficients matrix is 
obtained from the reduced national matrix by adjusting these competitive 
imports through the application of the supply-demand pool technique. 
The supply-demand pool technique is a method of generating the regional 
technical coefficients from the national ones on the basis of the concept of 
commodity balance of the regional economy under consideration. This approach 
begins by finding an initial estimate of regional transactions (xij) as the 
product of the regional total input in a given sector j (Xj, equation B.6) and 
* the national technical coefficients (aij); i.e., 
(B.8) ~j 
A 
The regional consumption demand vector (c1 j) is estimated as the region's 
share of the nation's consumption demand vector 
* where Cj and Cj stand for the total regional and national consumption demand, 
* respectively, and cij is the national consumption demand for the output of 
sector i. In this expression, cij is defined as the estimated regional 
consumption demand for the output of sector i. 
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" The commodity balances for individual industries within the region (ei) 
can be estimated as 
where Xi are the estimates of the regional total output requirements from an 
individual sector i; i.e., xi = k " ,. Ej•l xij + cij" When the commodity balance 
is positive or zero (i.e., ei ~ 0), imports are assumed to be zero, and 
the regional technical coefficients are set equal to the national ones 
(aij * "" aij). Regional transactions are set equal to the initial estimates 
* (xij = xij) and exports are set equal to the estimated commodity balances 
,. 
(ei = ei). 
" If the commodity balance of the ith sector is negative (ei < 0), the 
region is assumed to import a part of its input needs for sector i, and the 
regional technical coefficients (aij) are set equal to 
,. " 
The ratio (Xi I Xi) < 1 when ei < 0 from equation B.lO. 
Further consequences of the adjustment by equation B.11 are 
(B.13) ei = 0 
(B.14) X 
'I'Cij = xij - xij 
c 
,.. 
(B.l5) 
'I'Cij = cij - (1 - X /X ) i i 
X 
and c are sectoral imports from sector i by intermediate and final where \j 
'\j 
c 
'\j is defined as the demand sectors, respectively. The sum of ~j an~ 
regional competitive imports ( \j); and then ~-1 ~-l ~ij in value terms is 
the total competitive imports of the region's economy as a whole. 
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Subdivision of Coal Mining Sector (Step 3b) 
The column elements of the technical coefficients matrix for the surface 
coal mining sector within the study region (ais) are estimated from the column 
elements of the regional technical coefficients matrix for the pre-divided 
coal mining sector (aic) as 
(B.l6) 
where X is the output of the pre-divided coal mining sector (X = X +X ), 
c c s u 
and a~s and awiu are the technical coefficients from the West Virginia model 
for the surface and underground coal mining sectors, respectively. The ratio 
Xc I Xs adjusts aic so that ais reflects the difference between Xc and Xs' 
while maintaining the constraint that ~=1 ais = 1. The column elements for 
the underground coal mining sector (aiu) are estimated in the same way; i.e., 
ai = ai (X I X ) (awi I (awi + awi )). 
u c c u u s u 
The technical coefficients for the underground and surface coal mining 
sectors in the 1965 West Virginia Model are used in computing the ratio of the 
technical coefficients for the underground or surface coal mining sector to 
the pre-divided coal mining sector's technical coefficients. In this com-
putation, updating is not necessary because the price adjustment by equation 
A.20 does not affect the relative importance of the technical coefficients 
between the underground and surface coal mining sectors. Appendix Table B3 
presents the computed ratios for individual sectors. 
Since the outputs of the underground and surface coal mining sectors are 
identical (i.e., coal is coal), the relative importance between the two coal 
mining sectors' outputs, in addition to the technical information from the 
West Virginia model, is also used in the row division. The row elements of 
Bl3 
TABLE B3 
Relative Importance of the Elements in Columns 
of the Technical Coefficients Matrix for the Underground and 
Surface Coal Mining Sectors in the West Virginia 
Input-Output Model 
Total Underground Surface 
Agriculture 100.0 42.860 57.140 
Underground Coal Mining 100.0 4.945 95.055 
Surface Coal Mining 100.0 4.632 95.368 
All Other Mining 100.0 68.000 32.000 
Construction 100.0 99.546 .454 
Food & Kindred Products 100.0 100.000 o.ooo 
Textile & Apparel 100.0 42.860 57.140 
Lumber & Wood Products 100.0 94.567 5.433 
Printing & Publishing 100.0 97.500 2.500 
Chemicals & Plastics 100.0 100.000 o.ooo 
Stone, Clay & Glass 100.0 100.000 o.ooo 
Primary Metals 100.0 100.000 o.ooo 
Fabricated Metals 100.0 27.778 72.222 
Mechanical Machinery 100.0 43.307 56.693 
Electrical Machinery 100.0 o.ooo 100.000 
Instruments & Equipment 100.0 97.980 2.020 
Transportation & Warehousing 100.0 16.979 83.021 
Communications 100.0 28.045 71.955 
Utilities 100.0 92.260 7.740 
Wholesale Trade 100.0 39.705 60.295 
Retail Trade 100.0 60.833 39.167 
Finance, Insurance & Real Estate 100.0 2.891 79.109 
Services 100.0 10.585 89.415 
Federal Government 100.0 42.860 57.140 
State & Local Government 100.0 42.860 57.140 
Source: Computed on the basis of the technical coefficients for the 
underground and surface coal mining sectors in the 1965 West 
Virginia I-0 model. 
Bl4 
the technical coefficients matrix for the surface coal mining sector (a .) are SJ 
estimated as the row elements of the technical coefficients matrix for the 
predivided coal mining sector (a .) adjusted by the average values of the two CJ 
w w w 
ratios Xs I Xc and asj I (asj + auj); i.e., 
1 w w w 
acj 2 ((Xs I Xc) + (asj I (a8 j + auj))). (B.17) a . SJ 
w w w The computed average values of the two ratios X /X and a .! (a . + a .) for S C SJ SJ UJ 
individual sectors are presented in Appendix Table B4. 
The row elements of the technical coefficients matrix for the underground 
coal mining sector can be estimated in the same way, or by subtracting the 
estimated technical coefficients for the surface coal mining sector from the 
technical coefficients for the pre-divided coal mining sector; i.e., 
1 w w w 
a . = acJ' -2 ((Xn I X ) + (a j I (a . + a .))), or a . = a . - a .• UJ C U SJ UJ UJ CJ SJ 
No problem is caused in the row or column division by the difference 
between the underground and surface coal mining sectors' imports. The tech-
nical coefficients for the pre-divided coal mining sector in the study 
region's I-0 model and the techical coefficients for the underground and sur-
face coal mining sectors in the West Virginia I-0 model do not contain any 
components of regional imports. 
Complete Regional Flow Table 
The final consequence of the above research procedures is the complete 
flow table of the regional I-0 model for the fifteen major coal producing 
counties in Ohio (Appendix Figure B 2). The table is arranged in a 27x27 
square matrix form. The column arrangement includes 25 purchasing sectors and 
the 2 final demand sectors, consumption and exports. The row arrangement 
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TABLE B4 
Percentage Distribution Used in the Row Division 
of the Coal Mining Sector into the Underground and 
Surface Coal Mining Sectors in the Regional 
Input-Output Model 
Total Underground 
Agriculture 100.0 64.805 
Underground Coal Mining 100.0 37.145 
Surface Coal Mining 100.0 35.557 
All Other Mining 100.0 21.430 
Construction 100.0 52.221 
Food & Kindred Products 100.0 47.208 
Textile & Apparel 100.0 64.805 
Lumber & Wood Products 100.0 64.805 
Printing & Publishing 100.0 50.519 
Chemicals & Plastics 100.0 64.805 
Stone, Clay & Glass 100.0 59.805 
Primary Metals 100.0 64.805 
Fabricated Metals 100.0 64.805 
Mechanical Machinery 100.0 64.805 
Electrical Machinery 100.0 29.610 
Instruments & Equipment 100.0 27.541 
Transportation & Warehousing 100.0 53.073 
Communications 100.0 64.805 
Utilities 100.0 59.969 
Wholesale Trade 100.0 64.805 
Retail Trade 100.0 44.601 
Finance, Insurance & Real Estate 100.0 34.982 
Services 100.0 49.927 
Federal Government 100.0 29.610 
State & Local Government 100.0 29.610 
Surface 
35.195 
62.855 
64.443 
78.779 
47.779 
52.792 
35.195 
35.195 
49.481 
35.195 
40.195 
35.195 
35.195 
35.195 
70.390 
72.459 
46.927 
35.195 
40.031 
35.195 
55.399 
65.018 
50.073 
70.390 
70.390 
Source: Computed on the basis of the technical coefficients for the 
underground and surface coal mining sectors in the 1965 West 
Virginia I-0 model and the output ratio of the underground 
and surface coal mining sectors in the study region. 
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Figure B2: The Complete Regional Flow Table 
Bl7 
includes 25 producing sectors and the 2 primary input sectors, value added and 
imports. Entries to the 2 final demand vectors are the region~l consumption 
demand (cij) and positive regional commodity balances (ei > 0), respectively. 
The negative regional commodity balances (ei < 0) as competitive imports are 
the entries in the regional import vector. Noncompetitive imports are also 
allocated to this regional import vector. Entries to the value added vector 
are the regional sectoral total inputs less the sum of the regional sector 
imports and intermediate inputs. The last column and row represent the 
regional sectoral total outputs and inputs respectively. 
Appendix C 
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Table Cl 
1978 Regional Flow Table for the 
Fifteen Coal Producing Counties in Ohio 
AGRICULT UKDECOAL SURFCOAL OTPllftlNG CONSTRUC 
--------------------------
37172. I ••• • •• 2.6 758.7 6.3 1481.8 28465.5 22.8 ••• 3.4 2587.4 \H59t.3 83.6 8.8 
274.3 118.5 52.9 9227.8 48 .. 3.8 
1778.8 2841.4 13.9 3323.8 138.5 
27887.3 13.3 8.8 13.4 47.6 
9 ... 9 46.4 61.8 27.8 1861.9 
1449.2 918.9 52.2 348.8 32722.7 
163.8 64.6 1.7 52.3 137.9 
16198.8 15389. l 8.8 7541.5 26899.8 
117.2 1949.4 8.0 64.8 32658.2 
43.5 5862.2 ••• 3680.5 28872.3 1827.2 927.2 4858.8 1794.6 57285.7 
2238.8 11814.5 14489.5 8617.4 12511.9 
149.2 8.0 1886. 1 HJ09.8 12624.3 
324. I 346.6 7.1 572. I 2811.4 
4362.3 384.6 1489.4 1062.8 7117.5 
484.7 57.9 148.5 243.3 981.3 
2744.1 8563.9 718.8 5686. I 796.7 
5988.8 2881.9 4373.5 1785.8 13983.7 
659.6 185.3 67.7 158.9 13881. 1 
7378.9 249. I 8362.7 11744.6 3152.9 
6359.) W39.5 11388. t) 7009.2 31887.3 
43. 1 63.4 84.5 83.4 114.7 
8.8 43. I 57.4 121.8 29.7 
163431.2 143517.5 345182.7 288812.9 274248.8 
47287.3 7554.5 18654.2 1+826.5 45186.4 
347781.9 206:S22.9 498862.0 290716.9 594558.0 
---------------------
n 
!-' 
Table Cl 
1978 Regional Flow Table (continued) 
I'OODICIJm TEXTILES LUfiBERWD PRIIM'l"f! f'H!!Mfr.\L 
------------- ------------- ----------------
AGRICULT 217333.7 4Ht.2 77.8 18.8 480.7 
UimECOAL 122.9 5.2 697. I I. 7 1185.5 
SURFCOAL 137.4 2.8 378.6 1.7 643.8 
OTKIJIIRG 23.9 8.8 188.7 8.8 23898.2 
COJISTRUC 1224.3 69.8 1384.8 486.9 4373.9 
FOODKIICD 187lUUS.4 48.3 32.2 28.4 4221. l 
TEXTILES 122.8 6181.6 451. I 37.$ 448.9 
I.lJMBERWD 25336.3 754.8 88285.9 18983.9 29359. 1 
PRilfTIKG +428.3 62.6 228.7' 8184.8 l4HI.5 
CBEftiCAL 14682.2 3813.2 28543.2 3355.7 253412.9 
STOKECGL 8839.3 1.2 1534.6 4.2 5516.8 
PRMETALS 397.1 24.8 15197.6 231.8 12479.9 
FAIIETALS 172-+2.6 84. I 12555.9 199.2 23724.6 
MEMACHift 1398.7 145.8 1622.6 -+68.3 11764.7 C"l 
ELMACHift 26.4 2.7 42.9 5.4 847.8 N 
IJISTRUME 186.2 13.7 292.3 137.2 2153.8 
TRAMS POT 6893.3 1852.4 4668.3 2129.7 28857.3 
COKUIUCA 849.4 257.8 564.3 774.8 2321.7 
UTILITES 6276.2 687.8 6425.8 913.7 21141.8 
WBOLSALE 19276.8 2783.9 9467. 1 1874.8 19186.1 
HETAILTR 267.8 28. I 104.8 88.9 386.7 
FIKAIUftS 3157.8 963.4 3372.6 1461. I 8537.8 
SERVICES 23844.3 3567.1 11787.3 8388.3 45852. 1 
FEDLGOVT 575.9 187.3 261.2 475.8 906.2 
S8LOGOVT 89.8 4. I 99.2 18.8 163.4 
VALADDED 21122-+.4 25815. I 1+4871.6 76317.8 427162.8 
PUIPORTS 121188.8 47218.6 52915.9 6264.3 137945.9 
TOTIKPUT 823864.8 94861.8 378041.8 138586.8 1861122.8 _____________, 
Table Cl 
1978 Regional Flow Table (continued) 
STONECGL PRMETALS FAMETAI..S MEIIACHllf ELitACBUt 
--------------------
AGRICULT 56.6 352.2 242.6 63.4 28.8 
UftDECOAL 886.2 46995.1 386.1 147.7 21.3 
SURFCOAL 541.9 25522.6 166.3 88.2 58.7 
0'1'111 ft I NG 13279.8 154121.5 599.6 19.7 112.4 
COifSTRUC 2882.3 25864.5 1906.8 2825.2 1443.1 
FOODKIMD us.e 111.4 62.1 179.8 47.5 
TEXTILES 27.8 499.8 217.8 155.9 169.3 
LUMBERWD 9472.5 15289.8 11912.7 5268.7 9132.8 
PRINTING 419.9 2387.4 1849.8 861.8 588.3 
CHEMICAL 22442.5 86526.2 24468.4 17684.2 26378.1 C) 
STOftECGL 15419.2 4413.6 1617.8 782.5 1882.6 LoJ 
PRIIETAJ..S 1881.9 783192.7 218471.9 136899.9 67587.7 
FARETALS 2834.8 48137.4 48593.5 23677.4 23425.3 
f!EKACHIR 31579.5 89425.5 19178.7 112867.8 9394.4 
ELMACBIR 652.7 21898.5 2197.3 26654.4 29779.7 
I ftSTRUME 532.3 3983.1 1453. I 2134.9 3322.5 
'I'RAftSPOT 11541.2 39484.7 9922. I 7548.3 5938.2 
COKUIHCA 796.1 3107.8 1318.8 2353. 1 988.6 
UTI LITES 18424.4 187483. I 9299.3 9829.6 4236.9 
WBOLSALE 3696.6 54248.8 13268.2 15662. 1 8955.8 
RETAILTR 56.6 498.7 201.4 463.2 52.9 
FlftAftiNS 37Ut.3 18668.7 6685.9 9368.8 389b. I 
SERVICES 12784.2 63512.8 25457.3 29974. I 25225.6 
FEDLGOVT 416.3 1312.6 465.6 768.5 489.7 
S8LOGOVT 16. 1 2236.9 37.4 31.7 2.2 
VALADDED 217514.5 1267225.7 318114.9 408836.2 186284.5 
PIKPORTS 22628.3 231828.4 38927.8 44548.2 35188.3 
TOT INPUT 364847.8 3810655.8 748612.0 856696.8 444368.8 
---- -------
Table Cl 
1978 Regional Flow Table (continued) 
INSTRUME TRANS POT COMUNICA trriLlTES WHOLSALE 
---------------------------------------------
AGRICULT 33. I 9.2 276.9 1254.5 2~8.7 
~DECOAL 44.6 3.5 0.6 59799.9 e.o 
SURF COAL 117.3 3. I 9.0 33919.3 6.9 
OTMIM lNG 68.9 13.7 9.9 42752.6 9.0 
COifSTRUC 599.7 1181.3 3737.9 215973.0 971.5 
FOODKIND 126.3 78.4 11.8 34.5 293.9 
TEXTILES 543.2 79.2 :!4.2 67.2 32.2 
LUJIIBERwD 5858.7 549.5 105.0 462. l 3221.8 
PRIIfTING 237.9 626.3 559.2 1499.7 H96.2 
CHEPIICAL 11942.6 29244.4 172. I 47823.9 6788.4 
STONECGL 2878.5 39.9 3.5 191.7 185.4 n 
PRPIETALS 32893.3 341.3 99.6 362. l 18.3 .p.. 
FAPIETALS 25189. I IJ1l.4 9.5 119.8 95.8 
PIEMACHIN 9429.2 893.9 18.2 2749.3 379.3 
EL.PIACHIN 63315.9 611.4 92.1 594.9 199.8 
IKSTRUME 36645.3 2911. I 53.2 339.7 259.3 
TRANS POT 2846.2 33922.9 421.6 3681.5 6191.6 
COPIUNICA 496.1 3873.9 1359.6 1897.6 4498.4 
trrlLITES 2965.2 1836.2 1356.8 t5:J344.6 3745.8 
lt'HOLSALE 8571.5 5339. t 176.5 4816. t 4419.4 
RETAILTR 113.3 2227.3 41.7 282.8 949.9 
FINAN INS 1519.1 6266.2 2592.9 7829.6 6681.6 
SERVICES 12378.3 26798.8 11562. 1 21463.8 43742.3 
FEDLGOVT 282.2 388.6 414.7 1654.5 915.9 
SSLOGOVT 39.3 592.7 86.9 140.5 365.5 
VAI.ADDED HH997 .9 184146.4 89732.2 425722.3 349627.1 
PIPIPORTS 33429.2 27391. 1 7457.8 39176. 1 13449.2 
TOT I If PUT 295834.6 317455.9 129287.0 862173.9 441496.0 
Table Cl 
1978 Regional Flow Table (continued) 
RETAILTR FINAIUNS SERVICES FEDLGOVT S3LOGOVT 
------------------------------------
AGRICULT 112.7 383.2 22655.9 2.8 270.5 
tmDECOAL e.e 1.4 268.3 1.8 84. I 
SURF COAL e.e 2.6 269. I 2.3 208.9 
OTIIliURG e.e 8.9 8.9 9.9 85.5 
CONSTRUC 2594.9 18417.1 31925. 1 152.6 104587.9 
FOODKIND 48.8 248.6 152225. l 7.2 53.9 
TEXTILES 26.9 1.6 5972.9 3.7 347.7 
LUMBER liD 3789.6 3478.5 11721.3 112.2 380.4 
PRINTII'G 797.8 19868. 'I 18663.8 386.6 1318.3 
CHEMICAL 6682.8 3693.8 78452.7 967 .t 22328.5 
STONECGL 148. 1 42.5 4476.9 25.2 87. 1 (') PRMETALS 7.4 16.8 481.7 31.1 8.8 V1 FAliETALS 192.3 18.4 65:17.4 126. l 611.8 
MEMACHIN 173.3 255.~ 8859.6 39.3 1381.0 
ELKACHIN 187.5 185.3 2235.7 35.0 155.8 
INSTRUME 166.5 796.4 29005.6 84. 1 153.0 
TRAI'SPOT 1332.7 3017.3 29021.3 1528.4 2631.4 
COPIUlHCA 2983.6 12868.5 14253.4 106.5 1989.7 
UTILITES 14597.9 15286.9 58246.6 1126.9 24787.3 
lfflOLSALE 2034.4 2378.9 45924. I 136.8 1517.3 
RETAILTR 644.2 1090.8 2512.7 3.8 981.8 
FINAN INS 19277.7 96912. I 88963.4 1218.2 6374.9 
SERVICES 37290.2 12542li.8 225386.9 3281.2 21390.6 
FEDLGOVT 2218.9 16834.6 9895.7 156. I 345.7 
SSLOGOVT 277.6 488.2 1626.2 31.1 24.8 
VALADDED 489351.6 389188.7 1659130.2 3817a.a 166120.2 
PIKPORTS 22124.4 98652.5 285345.9 4653.6 41559.2 
TOTiftPUT 526772.9 882853.9 2770349.0 52288.8 399698.0 
-------------------------------------------
Table Cl 
1978 Regional Flow Table (continued) 
----
CONSUNPT FEXPORTS TOTOUTPT 
----------------------------------
AGRICULT 63193.9 9.9 347791.9 
UlmECOAL 8969.9 66994.8 206522.0 
SURFCOAL 11945.0 362700.6 490862.0 
OTI!Iffll'fG 3692.0 37849.5 290716.0 
CONSTRUC 457794.0 9.0 594558.0 
FOODKII'ID 590250.0 8.0 823864.9 
TEX'TILF.S 163121.0 9.0 94061.0 
LUI'IBERl•iD 95099.0 4142.3 370041.0 
PRIIHII'IG 66524.0 8.0 130506.0 
CBEHICAL 366497.0 9.0 1061122.0 
srozu:ccL 18944.0 264090.8 364847.0 0 
PRl'IETo\LS 56284.0 1734984.3 3010655.0 0\ 
FA.METALS 71545.0 385284.4 748612.0 
PIEMACHIN 431802.0 102713.2 856696.0 
ELI1ACHIN 207630.0 129337.8 4H308.0 
IBSTRUHE 26+273.0 e.e 295834.0 
TRAI'ISPOT 153379.0 0.0 317455.0 
COHUNICA 838+0.8 8.0 120287.0 
UTI LITES 219672.0 162638.5 862173.0 
liHOL...;;:ALE 331973.0 0.0 441406.0 
RETAILTR 669042.0 0.0 526772.0 
FllfAlUl'IS 883198.0 0.0 002053.0 
SERVICES 1280901.0 652690.3 2770349.0 
FEDLGOVT 1933+.0 0.0 52288.0 
SSLOGOVT 297643.9 95421.4 399608.0 
---------------------------------
Table C2 
1978 Regional Technical Coefficients Matrix (25 X 25) 
for the Fifteen Coal Producing Counties in Ohio 
ACRICULT UlfDECOAL SURF COAL OTMII'flNG CONSTRUe 
-------------------------------------------
AGRICULT e. 164429 0.9 0.0 0.000009 9.901276 
tmDECOAL 0.909018 0.90717:J 0.0:J7991 0.000078 o.e 
SURFCOAL 8.&80910 0.012141 e. 105103 0.000288 0.0 
OTPllftUIG 0.000789 8.000535 8.080106 0.031739 0.006809 
COftSTRUC 0.903993 8.813758 &.888026 0.818317 &.&&0233 
FOODKIND &.077994 8.000864 8.0 0.080046 9.&00080 
TESTILES 8.008273 0.000224 0.098126 8.000093 8.881786 
LIDIBERWD 0.&04168 &.004406 0.080106 e. 901197 9.955937 
PRIIITINC 8.098471 0.000313 8.090003 0.900180 0.080232 
CHEMICAL 0.046563 0.074128 8.0 0.825941 0.045242 
STOitECGL 8.088337 8.089439 0.0 0.000220 0.854915 
PRMET~ 8.000125 8.0!!8385 0.0 0.012660 0.033760 
FA.PIETALS 0.085255 8.004490 0.009882 6.006173 8.096350 
HEMACHI:ft 0.006439 8.053333 0.029356 6.929642 0.021944 
ELMACHll'f 0.000429 ,,., 9.602050 0.003746 9.021233 
I ItSTRUl'IE 0.900932 8.001678 0.000015 0.001968 0.903383 
TRANS POT 0.012546 9.001476 0.003034 0.903633 0.011971 
COMUitlCA 8.001394 0.090280 0.000303 0.0008:17 tL 001516 
UTI LITES 0.997892 0.041467 0.001463 0.019559 0.001340 
WBOLSALE 0.017291 8.913954 9.008910 0.006140 0.023385 
RETAILTR 0.081897 8.098519 8.000138 0.000519 0.02:1347 
Fll'A.l'nNS 0. 021199 0.001206 0.017037 0.049399 ~.065303 
SERVICES 9. 01£!289 8.006486 0.023037 0.026862 0.053632 
FEDLGOVT 9.060124 0.000307 0.000172 0.000287 0.006193 
S8LOGOVT 0.900023 0.000209 9.000117 0.000419 0.000050 
VALADDED 0.470034 0.695033 9.793026 0.718271 0.461265 
PIMPORTS 0. 136165 0.029015 0.037706 0.050757 0.~76627 
TOTII'IPUT I. 000000 1.000000 1.000000 1.000000 1.000000 
--------------------------
("') 
-.,J 
Table C2 
1978 Regional Technical Coefficients Matrix (continued) 
FOODKIND TESTILES LUMBER WI> PRINTING CHEMICAL 
-----------------------------------------
AGRICULT 0.263798 0.094361 0.~00206 0.000144 9.009453 
UMDECOAL 0.000149 0.000055 0.001884 0.000013 9.001117 
SURFCOAL 0.990167 9.000030 0.901023 0.000013 0.000607 
OTMIIUNG 0.000029 9.0 8.000272 0.0 ().023645 
CONSTRUe 0.001486 9.000734 8.0037441 0.003118 0.004122 
FOODKIND 0. 130550 0.000428 8.000087 0.000156 0.003978 
TESTILF.S 0.000149 0.064869 lt. 001219 0.900287 0.000423 
LUMBERWD 0.030753 0.008025 0.216965 0.144866 0.027668 
PRllHil'tG 0.005375 0.090665 0. 000510 0.0f>2097 0.001334 
CHEMICAL 0.017724 0.049549 ~L 05551t> 0.025713 0.238816 
STOMECGL 0.009758 9.009913 0.004147 9.900032 0.095199 
PRMETALS 0.000482 9.000255 0.041070 0.001770 fLOll761 C'l 
FAMETALS 8.920929 8.8&8894 0.833931 9.00l!'i26 0.~22350 (X) 
MEMACHII't' 9.001688 0.001542 0. Otl4385 0.003588 0.01 Ht87 
ELPIACHII't' 0.000032 0.000029 9.000116 0.000041 0.900799 
Il'fSTRUME 9.000226 9.609146 0.008790 0.901951 9.002929 
TRANS POT 0.908367 0.011188 0.012594 9.016319 0.018902 
COPWNICA 9.001031 0.002732 0.001525 0.005937 0.002100 
UTILITES 0.907618 0.007312 0. 0 17:}6:) 0.007001 0.019924 
WOLSALE 0.923398 9.028746 0.025!504 9.014366 0.918081 
RET.\ILTR 0.060325 0.000299 0.000281 9.00~620 0.090289 
Fil'fAifll'fS 9.003832 9.010242 0.009114 0.011196 0.008046 
SERVICES 0.927971 0.037923 0.031054 0.06364) I o. 043211 
FEDLGOVT 0.000699 9.001991 0.000706 0.00:.!646 1:).000854 
S8LOGOVT 0.000109 0.000044 6.009268 9.900083 0.000154 
VALADDED 0.256383 0.271451 0. ;J<j 1502 0.584777 0.'\02::>58 
PII'fPORTS 0. 186973 9.302485 0. 143239 0.04U038 0. !3('398 
TOTIMPUT 1.009000 1.000900 l. 000099 1. 000000 1 .9fUH)00 
-------------------------
Table C2 
1978 Regional Technical Coefficients Matrix (continued) 
STONECGL PIDIETA.LS FAMETALS MEMACHIN EUlACBI" 
--- ---------------------------------------------
AGRICULT 9.900155 o. 900117 0.0n0324 0.900074 9.090063 
UJ.IfDECOAL 9.002218 9.915610 9.000409 9.990172 0.090048 
SURFCOAL 0.091483 9.008477 0.099222 0.000094 0.000114 
OTIIIJ.IfiNG 0.036396 e. oa1192 9.000601 9.900023 9.900253 
CONSTilUC 0.905488 9.908591 , .. 062546 0.002364 0.983248 
FOODKIND 0.090041 9.000937 8.800983 8.000299 0.000107 
TESTILES 0.900074 0.000166 0.900291 0.000182 0.890381 
LUMBERWD 0.025963 0.095052 0.015913 0.006150 0.920555 
PRINTING 0.001151 0.960793 0.002471 0.001006 0. 001144 
CHEMIC.\L 8.061512 0.028748 0.032685 0.020549 9.959369 
STON~CGL 0.042262 0.081466 8.802161 0.000820 0.804057 () PRMETALS 6.805158 0.233560 0.291U36 0. 158866 0. 152119 1.0 
FAMETALS 0.005577 0.815989 8.054225 0.927638 0.052723 
MEMACHIN 8.009811 0.029703 8.625619 0. 130813 o. 021144 
ELMACHIN 0.991789 8.907271 0. 0')2815 8. 031113 0.067025 
INSTRUME 8.891459 0.001323 0.091941 0.002492 0.007470 
TRANS POT 0.931633 0.013115 0.013254 0.008811 0.013347 
COMUl'fiCA 0.002182 0.001032 0.001751 9.002749 0.002207 
UTlLITES 0.058499 0.035675 9.012422 0.010540 0.009536 
l!liOLS \LE 0.010132 0.018016 0.1117713 0.018282 0.020135 
RETAIL Til 0.0001:15 0.000163 11.0110269 U.000S43 0. 000119 
FINAN INS 0.010178 0.003541 0. {)08'J31 0.010935 0.800769 
SF.RVICES 9.035040 0.1J21096 0.034006 0.834988 O.O:ito775 
FEDLGOVT 9. 001141 0.000436 0.068622 O.OOOU97 0.008922 
S8LOGOVT 0.000044 0.000743 0.000050 0.000037 0.090005 
VALADDED 0.596180 0.420914 0.4241J40 0.477224 0.419089 
PHIPORTS 0.062292 0.017175 0.051700 0.052420 0.079249 
TOT INPUT 1.000000 1.000000 1.000000 I. 0004Hl0 1.000000 
---
-----------------------------------
Table C2 
1978 Regional Technical Coefficients Matrix (continued) 
INSTRUME TRAlfSPOT COHUNICA UTI LITES WHOLSALE 
--- --------------------------------------
AGRICULT 9.000112 0.900029 0.002302 0.001455 0.000586 
UNDECOAL 0.000131 0. 000011 0.0 0.958920 0.0 
SURF COAL 0.000396 0.000010 0.0 0.039331 0.0 
OTIHNING 0.090233 6.000643 0.0 9.049587 0.0 
CONSTRUC 0.091723 0.003721 0.031067 0.030125 0.002~01 
FOOD KIND 0.000427 0.000247 0.000098 0.000040 9.00046() 
TESTILES 0.001836 0.000221 0.0C020l 9.000078 0.090073 
LUMBERWD 0.019804 0.001731 9.000873 0.000536 0.007!!99 
PRINTING 0.000801 0.001973 O.Cl04649 8.001729 4t.002710 
CHEMICAL 0.037327 0.063771 0.001431 0.055468 0.015379 
STONECGL 0.009730 0.000123 0.000029 9.000118 ft.690420 0 
PRMETALS 0. 111195 8.001075 0.000753 0.000420 6.000042 ...... 
FAI'IETALS 0.083146 0.001611 0.000004 0.0~0139 0.080217 0 
MEMA.CHIN 9.831843 0.002813 0.000085 0.003169 ~.901292 
ELMA.CHIN 0.921-tl7 0.001926 0.000766 0.000690 0.000247 
INSTRUME 0. 123671 0.806335 0.000442 0.000394 0.000567 
TRANS POT 0.009621 0. 101-024 8.0{13505 0.804270 0.014027 
CmiUNICA 0.001677 0.009680 8. 011303 0.002201 0.010191 
UTI LITES 0.006981 8.603264 0.011280 fl. 180178 0.008486 
WHOLS.\LE 0.928974 ~.0167~0 0.001467 0.005:")86 fl.010012 
RETI\ILTR 0.009383 0.9070lb ~.000317 0.000328 1).00~1:)0 
FINAN INS 0.003135 0.019739 0.0213'16 0. ~)09071 0.015137 
SERVICF.S 6. 94Hl42 0.084l:J4 0.0961:.!1 0.024695 0.999098 
FEDLGOVT 0.900954 0.001224 0.903448 0.04H919 0.002075 
SSLOGOVT 0.000133 8.001867 0.~00715 0.000163 0.000828 
V.\LADOED 0.344477 9.580071 ~.74591l4 tt.493778 0.771687 
PIMPORTS 0. 113614 0.066552 0.0613(4 0.835393 1}. U34019 
TOT INPUT 1.000008 1.000000 t. 000000 1. 000000 1.000000 
-----------------------
Table C2 
1978 Regional Technical Coefficients Matrix (continued) 
--------
RETAILTR FINAN INS SERVICES FEDLGOVT S8LOf'.OVT 
-------------------------------------------
AGRICULT 8.888214 8.089378 8.888178 8.890054 8.800677 
UlfDECOAL e.8 8.~80902 8.000897 0.000019 8.898211 
SURFCOAL 8.0 8.088003 8.000097 8.880044 0.000500 
OTIIINING 0.0 8.0 0.0 0.0 0.008214 
COftSTRUC 0.084926 0.012988 0.011199 8.092919 8.261526 
FOODKIND 0.880076 8.088308 0.054948 8.080137 0.900135 
TESTILES 8.088031 8.090082 8.002Hi6 8.000071 8.980879 
LUMBERWD 8.087194 9.084337 8.004231 0.802145 0.000932 
PRINTING 9.091513 8.924762 8.0U6737 9.003863 9.003279 
CHEMICAL 0.812533 8.007099 8.92:1431 8.818496 0.9:15876 C'.l STOMEGGL 9.099266 8.090053 0.001616 0.008481 0.000218 1-' 
PIUIETALS 8.808014 9.000021 8.808143 8.880595 0.8 1-' 
FAMETALS 0.800365 9.080023 0.0.)2367 0.802411 0.081:131 
PIE:HACHIN 8.808329 8.090319 0.083198 0.000751 6.083456 
EL:HACHIN 8.880284 9.068231 0.8008l)7 0.800669 0.880308 
lftSTRUME 8.088316 0.000993 8.818478 0.001689 0.000383 
TRAlfSPOT 8.092538 8.003762 8.007227 8.029239 0.006585 
COIIUNICA 0.005512 8.813047 8.085145 0.082036 0.084779 
UTI LITES 8.027712 8.018968 0.021023 9.021535 8.8629:!9 
WOLSALE 9.083862 0.092956 0.016577 0.892616 9.90:1797 
RETAILTR 9.001223 8.881359 9.000907 9.006672 9.082455 
FlftAICiftS 0.036:i96 e. 120830 0.029225 &.023145 9. 9151J53 
SERVICES 0.070798 0. 136380 &.08132H 0.862753 0.053529 
FEDLCOVT 0.084197 0.019992 9.903572 0.002985 0.809865 
S8LOGOVT 8.989327 9.\190509 8.000587 0.809S95 0.000062 
VALADDED 8.77709:1 0.485231 8.598009 9.73'l997 9.415728 
PlliPORThi 8.041954 0. 1:!3461 0.103841 lJ.9U8671 0. 104000 
TOTiftPUT 1.080800 1.098000 1.000000 1.000000 1.000000 
----------~--------------------------------
Table C3 
1978 Regional Interdependence Coefficients Matrix (25 X 25) 
for the Fifteen Coal Produc~ng Counties in Ohio 
-----
AGRICULT UNDECOAL SURFCOAL OTMINING CONSTRUe 
---------------------------------------------------------------
AGRICULT 1. 233395 0.001275 0.001310 0.001825 0.004828 
UNDECOAL 0.001593 1.012986 0.066251 0.002708 0.003562 
SURFCOAL 0.001118 0.017116 1. 118965 0.002141 0.002323 
OTIIIMlNG 0.004969 0.010298 0.002026 I. 037612 0.018463 
CONSTRUC 0.009093 0.017913 0.002590 0.622229 1.005484 
FOODKIND 0.113973 0.002434 0.002709 0.003645 0.006806 
TF..STILES 0.000594 0.000459 0.000298 0.000329 0.002389 
LUMBERWD 0.016841 0.013593 0.002960 0.007253 0.082075 
PRINTING 0.002946 0.001300 0.001196 0.002283 0.002405 
CHEMICAL 0.088094 0. 113946 0.013158 {),~47004 0.092478 
STONE CCL 0.002880 0.tH2011 0.001118 0.002142 0.059432 
PRME.TALS 0. 01179'} 0.061666 0. 018677 0.034290 0. 107763 
FAMETALS 0.814116 0.013810 0.014812 0.013107 0. 113450 
MEl'IACHlN 0.012467 0.068295 6.843650 0.039{166 0.036057 
ELl'IACHI N 8.901615 0.003575 0.004274 9.006517 0.023870 
INSTRUME. 6.002521 0.003103 0.000980 0.003536 0.006403 
TRANS POT 0.022439 0.007872 0.006092 0.008054 0.024613 
COMU!'OCA 0.003564 0.001623 0.001407 0.002573 0.004082 
UTi LITES 0.01'}400 0.060442 0. 00931H~ 0.031535 0.021452 
wliOLSALE 0.028753 0.021332 0.0[3944 0.011386 0.036302 
RETAILTR 0.002961 0. 001195 0.000437 0.001325 0.024029 
FINAN INS 0.035013 0.007152 0.0~4795 O.O::il866 0.01746~ 
SERVICES 0.047639 0.026543 0.039454 0.050071 0.09142:.! 
FEDLGOvT 8.001391 0.000973 0.000998 0.001760 0.001547 
S8LOGOVT 0.000192 0.000354 0.0002~7 0.000564 0.000346 
--------------------~--------------------------------------------
(") 
f-' 
N 
Table C3 
1978 Regional Interdependence Coefficients Matrix (continued) 
FOODKIND TESTILES LUl'IBERWD PRINTING CHEl'liCAL 
-----------------------------------------------------
AGRICULT 0.375931 0.097929 9.002099 0.0~3539 0.905472 
UNDF.COAL 9.992292 9.091168 0.906698 9.002139 0.005026 
SURFCOAL 9.901612 9.{100816 0.004307 0.001444 0.003341 
OTJ'[IiHNG 0.004839 0.002677 9.010534 0.04-J3924 0.037570 
CONSTRUC 0.096723 0.002948 0.009315 0.007242 0.0!0033 
FOODKIND }. 188223 0.005255 9.005282 0.006990 0.011903 
TESTILES 9.000598 1.069578 0.001965 0.000889 0.000943 
Ll!J'IBERWD 0.055436 0.015118 1.285594 0.202249 0.051844 
PRINTING 0.008502 9.001991 0.002607 1. 068062 0.003612 
CHF.l'llCAL 9.066317 0.965141 0.111363 0.061868 I. 335267 CJ 
STONECGL 0.013524 9.900827 0.007289 0.00:!049 0.008631 1-' w PMETALS 0.929785 9.095114 0.095529 0.022106 0.045004 
FAMETALS 0.033872 0.004130 0.052694 0.012698 0.037426 
HEl'IAC HI N 0.009201 0.003893 0.014702 0.008613 0.022933 
ELl'lACHIN 0.091236 9.000503 0.002156 0.001061 0.093085 
INSTRUHE 0.992111 9.001282 0.002904 0.003167 0.904840 
TRANS POT 9.&21662 9.016689 9.024973 0.026144 0.032851 
COrftffliCA 0.003551 0.004315 0.00398.2 0.008397 0.004634 
UTILITES 0.622957 0.014606 0.039251 0.020346 0.041606 
wlfOLS\LE 0.040657 0.034743 0.040972 11.025553 0.031221 
RETAILTR 0.001657 0.009712 0.001040 0.001300 0. 001126 
F Ilf.\!f I NS 0.0203I!J 0.017021 0.020506 0.021889 0.020557 
SERHCES 0.063773 0.050300 0.06&H8 0.097142 0.08297;1 
FEDLGOV'T 0.001889 9.002916 0.001999 0.005090 0.002217 
S&LOG0\1 0.990316 0.000178 0.000586 0.000325 0.900435 
___________________________________ _... _____________________________ 
Table C3 
1978 Regional Interdependence Coefficients Xatrix (continued) 
STONECGL PRl'IETALS FAMETALS MEMACHIN EUIACHIN 
---------------- ---------
~GRICULT 0.002588 0.002241 0.003031 0.002705 0.003582 
UNOECOAL 0.007588 0.026100 0.010213 0.006852 0.006623 
SURFC04.L 0.005438 0.016094 0.006431 0.004361 0.004330 
OTI'!INING 0.046959 0.076167 0.027751 0.017718 0.018761 
CONSTRUC 0. 011220 0.017304 0.010494 0.008642 0.009961 
FOOOKIND 0.004797 0.004049 0.005277 0.005341 0.007209 
TESTILES 0.000400 0.000514 0.000715 0.000565 0.000905 
LUl'ffiERWD 0.041570 0.015704 0.031071 0.017583 0.039039 
PRINTING 0.002902 0.002543 0.004744 0.003131 0.003534 
CHEMIC.\L 0. 105003 0. 072119 0.078779 0.058343 0. 113258 () 
STONECGL 1.045919 0.004140 0.0046611 0.002905 0.906959 I-' 
PRMET.U.S 0.022653 1. 335728 0.425267 0.270540 0.256438 ,j;:-o 
F.\METALS 0.013487 0.030387 I. 071673 0.044912 0.072425 
.MEMACHIN 0.017984 0.053831 0.050387 1. lf>5088 0.041354 
ELMACHIN 0.003667 0.013354 0.008950 0.041709 1.076318 
INSTRUME 0.003475 0.003730 0.004697 0.005491 0.011691 
TRANS POT 0.042362 0.024803 0.026965 0.020141 0.026691 
CO~RffliCA 0.004225 0.003197 0.004218 0.005256 0.004867 
1/TILITES 0.073607 0.067449 0.042647 0.033787 0.034004 
'ftliOLS-\LE 0.018051 0.031337 0.033301 0.032295 0.035281 
RET.\ILTR 0.000971 0.001089 0.00!067 0.001263 0.000914 
Flli.\NINS 0.020792 0.1H5212 0.020258 0.022295 0.020820 
~E.R\ICES 0.063046 0.053789 O.rl70670 0.071038 0.097477 
FEDLCO\iT 0.002285 0.001534 0.001908 0.002213 0.002323 
S&LOGOVT 0.000274 0.001179 0.000550 0.000401 0.000400 
----------------------------------------------------------------
Table C3 
1978 Regional Interdependency Coefficients Matrix (continued) 
-----
Il'fSTRUME TRANS POT COMUNICA UTI LITES WHOLSALE 
-----------------------------------------------------------
.\GRICULT 0.903401 0.004216 0.006675 0.004251 0.004768 
UNDECOAL 0.006188 0.001177 0.001361 0.076607 0.001158 
SURFCOAL 9.004332 0.090823 0.009973 0.055487 0.000827 
OTMINING 0.017008 0.003979 9.002003 0.067166 0.001893 
CONSTRUe 9.008111 9.008218 0.934359 0.041409 0.005443 
FOODKIND 0.006751 0.008898 0.008256 0.004433 0.008761 
TESTILES 0.002673 0.000661 0.000590 0.000427 0.000421 
LUHBERlro 0.040239 0.009824 0.006930 0.010363 0.01!l292 
PRINTING 0.003141 8.004549 0.006865 0.003655 0.004701 
CHEMICAL 0.088425 0. 104080 0.013051 o. 108952 0.030517 
STONECGL 0.0138+7 0.001707 0.00!!467 0.004185 0.001339 C":l 
PRJ'IET.\LS 0.232518 0.010748 0.006456 0.017167 0.003992 I-' V1 
Fo\.METALS 9.115406 0.007644 0.00516! 0.0!0225 0.003024 
I'IEM.4.CH IN 0.057441 0.007130 0.00!!500 0.017267 0.003264 
ELMACHIN 0.030877 0.003335 0.001989 0.003227 0.000814 
INSTRUME 1.144034 0.010024 0.002271 0.002195 0.002436 
TRANS POT 0.023489 I. 121108 0.006875 ~.011314 0.018573 
CO.MUNICA 0.004474 0.012831 1,012894 0.004190 ~).011857 
!JTILITES 0.030612 0.013271 0.019416 I. 232182 0.0!6308 
1ot110LSALE 0.047101 0.024899 0.003901 0.014613 1.014377 
RETAILTR 0. 001175 0.008352 0.001406 0.001710 0.002t>!!9 
FtNANINS 0.017028 0.032387 0.030385 0.021:>80 0.023466 
SERVICES 0.085336 0. 121626 0.118014 0.054673 0. 12ft821 
FEDLGOVf 0.0023:14 0.002775 0.004672 0.0u3285 0.003195 
S8LOGOVT 0.000520 0.002252 0.000847 0.000371 0.000987 
--------------------------------------------------------------------
Table C3 
1978 Regional Interdependency Coefficients Matrix (continued) 
RETAlLTR FINA1filfS SERVICES FEDLGOVT S8LOGOVT 
--------------------------------------------------------------
.\CRt CULT 0.003314 0.097308 0.034301 0.002835 0.004799 
IfflDECO.\L 0.092369 0.002396 0.092522 0.002134 {1. 006486 
SURFCO.\L 0.001848 4L001725 0. 00 l8:J9 0.001564 0.004985 
OTMIN!NC 0.002981 0.003fi48 0.fi03B::i5 O.OO:!UM 6.011791 
CONSTRUC 0.008547 0.019795 0.015440 0.006073 0.267621 
FOODKIND 0.006352 0.014426 0.073579 0.005868 0.007347 
TEST!LES 0.000330 0.000598 0.002706 0.000334 0.001809 
LUMBERl<iD 0.012635 0.017103 O.OI::i249 {\.007312 0.028354 
PRINTING 0.003793 0.0323:>2 0.009892 0.008002 0.003733 
CHEUIC\L 0.026559 0.027723 0.0507!17 0.035630 o. 110575 (') STONECGL 0.001266 0.002047 0.004106 0.001377 0.016846 I-' PRMET\LS 9.003784 9.006109 0.010521 0.005614 0.034545 a-
F .\MET .U.S 0.003162 0.005055 0.009829 0.005327 0.035097 
IER.\f'HIN 0.002221 0.003407 6.007461 o.~u2934 0.016562 
t:UL.\CHIN 0.000755 0.001323 0.002162 •1.001325 0.007913 
INSTRlJME 0.001746 0.004213 0.013824 o} 003330 0.003470 
lRANSPOT 0.005545 0.909993 0.013486 0.035333 0.017675 
COMUNIC-\ 0.007161 0.019291 0.007334 0.0{)3670 0.0073:>8 
UTILI ITS 0.039299 0.035413 0.034130 {).031434 0.06750Cf 
"'1IOLS.\LE 0.007540 0. 0H)276 ll.024498 0.(i06676 0.018079 
RET.\! LTR 1.001673 0.002390 0.001722 0. {t{\4:642 0.0091:JI 
F I~ \.'I INS 0.046622 1. i47943 0.0410:.!6 {).031330 0.028441 
SER\ICES 0.092026 0.209148 l. !11136 O.Cfl:JI94 0.097828 
n.DLGO\T 0.005669 0.024136 0.003164 I.Oil4H5 0.002363 
S8LOCO\'T 0.000652 0.000791 0.000769 O.OOQ738 l. 000283 
---~--------------------------------------------------------------------------

